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EXECUTIVE SUMMARY 
A decommissioning approach for the B-Zone flooded pit is being developed. Cameco 
has engaged the services of Boojum Research Ltd. since 1991 to determine the 
feasibility of utilizing Ecological Engineering processes in this area. These processes 
involve the enhancement of natural water-cleansing processes, including geochemical 
precipitation, microbial activity and uptake by algal populations. Contaminants 
accumulate in the sediments, and thereby remain at the bottom of the pit. 
In 1992, 1993 and 1994, the physical, chemical and biological dynamics of the newly- 
flooded B-Zone pit were determined in order that projections could be made regarding 
lake development. The thermal characteristics of the flooded pit indicate that a 
thermocline establishes in the ice-free months each year, and the water body turns over 
and mixes in spring and fall (dimictic pattern). During turnover, the entire flooded pit 
volume mixes, and heterogeneity in water chemistry with depth established in the 
preceding period (summer or winter) is eliminated. This circulation pattern can be 
expected to continue if the overall flooded pit geometry and the water salinity remain 
the same. 
Metalimnetic dissolved oxygen concentration minima observed in 1993 and 1994 were 
likely due to decomposition of peat and phytoplankton biomass as these particles 
settled through the metalimnion. Greater oxygen consumption in the hypolimnion was 
observed in 1994, likely due to decomposition of settling phytoplankton biomass. The 
flooded pit dissolved oxygen distribution can be expected to become more clinograde 
if blooms re-occur in coming years. 
In the 1992-1993 winter and the 1993-1994 winter, bottom water conductivities reached 
107 and 104 ,&cm-‘, respectively. Due to vertical mixing of this bottom water with the 
rest of the volume during the 1993 and 1994 spring turnover, whole pit conductivities 
have overall been increasing since pit flooding. 
Elevated concentrations of arsenic and nickel in the flooded pit are due to dissolution 
of mineralization on pit walls and in the special.waste placed at the bottom of the pit. 
Contaminant input by ground water is not likely, as ground water quality monitoring data 
for regional piezometers indicate background arsenic and nickel concentrations. 
The source of arsenic appears to be the pit wall mineralization in contact with the 
hypolimnion during the ice-free season. The upper (approximately 0 to 10 m) pit walls 
in contact with the epilimnion during the ice-free season appear to be releasing less 
arsenic, while the special waste placed at the pit bottom is not contributing exceptional 
amounts of arsenic, compared to pit walls. The flooded pit arsenic load reached its 
historical peak on June 28, 1994 at 2,298 kg. 
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The nickel source appears to be more confined to the deepest portion of the pit (> 40 
m, possibly the special waste), compared to the source of arsenic. The flooded pit 
nickel load reached historical peaks on June 11, 1993 (1,818 kg) and June 28, 1994 
(1,792 kg). 
The iron loading has declined from 10,972 kg on June 30, 1992 to 2,247 kg on October 
9, 1994, a decrease of 79 %. Rapid settling of iron-bearing solids occurred in 1992, 
while iron loads more gradually diminished in 1993 and 1994. Water currents during 
spring and fall turnover do not re-suspend arsenic, nickel and iron-bearing solids 
previously settled in flooded pit. 
The phosphate concentrations in the B-Zone pit have remained well in excess of that 
required for high primary productivity since flooding in March 1992. Phytoplankton 
population development in 1994 does not appear to have decreased phosphate 
concentrations in the epilimnion to a measurable degree. The special waste placed at 
the bottom of the pit may well continue to serve as a phosphate source. Overall, nitrate 
is present in the flooded pit at concentrations which support good plant productivity. 
However, in contrast to phosphate, by August 16, 1994, nitrate in the epilimnion had 
been removed by the phytoplankton population to concentrations low enough to be 
growth-limiting. 
226Ra and uranium concentrations have remained relatively low since flooding of the B- 
Zone pit in early 1992. Average dissolved *“Ra concentrations in water samples 
collected at 5 m intervals did not exceed 0.09 Bq.L-’ between June 30, 1992 and 
October 9, 1994. Average dissolved uranium concentrations did not exceed 0.02 mg.L- 
’ in this period. 
In 1992, suspended solids concentrations were relatively high following spring run-off 
and turnover of the B-Zone flooded pit, and light penetration correspondingly low. This 
high turbidity and low water clarity were of concern, as it was originally envisaged that 
biological polishing by algae of the B-Zone flooded pit could be employed, should 
removal of contaminants be required. However, total suspended solids concentrations 
greatly diminished between 1992 and 1994, by approximately 80 % to 90 %. TSS 
concentrations will likely remain low enough during the ice-free season in 1995 and 
following years to permit adequate light penetration and, subsequently, permit the 
growth of algal populations in the epilimnion. 
Between June 28, 1994 and October 9, 1994, the arsenic load decreased by 35 %, the 
nickel load decreased by 22 % and the iron load decreased by 39 %. A dense 
population of the phytoplankton species Dictyosphaerium simplex developed in this 
period, rendering the surface water green, In this period, a total of 31 tonnes dry 
weight of algae settled past the 2 m stratum. Nickel and iron were primarily being 
removed in the epilimnion by the phytoplankton biomass and settling solids. Nickel and 
iron-bearing solids very rapidly settled through the flooded pit water column. An arsenic 
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removal process operated throughout the water column, overall diminishing the flooded 
pit arsenic load. It is not possible at present to attribute arsenic removal from 
throughout the water column in this period to either iron arsenate formation, arsenate 
adsorption onto iron hydroxide, or ad/absorption of arsenic by phytoplankton as this 
biomass settled through the flooded pit water column. 
Phytoplankton species diversity has diminished between 1992 (5 to 6 species present 
on each sampling occasion) and 1994 (only 3 species per sampling occasion). Algal 
productivity was very high over the summer of 1994 with the bloom of the 
Dictyosphaerium simplex population. 
There is, at present, a low diversity of primary p,roducers (aquatic plant species) in the 
flooded pit which, in turn, is preventing, or at least mostly limiting, invertebrate and 
vertebrate community development. Without the establishment of a diverse 
phytoplankton and zooplankton community, the delay in development of the pit toward 
a lake ecosystem resembling Collins Bay will continue. 
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1.0 INTRODUCTION 
During decommissioning of B-Zone, it is planned to breach the dyke separating the B- 
Zone flooded pit and Collins Bay, such that surface waters can freely mix. Connection 
of the flooded pit to Collins Bay will unlikely be completed until the surface water quality 
of the flooded pit improves, and its long-term surface water quality can confidently be 
projected to be acceptable. 
In 1992, 1993 and 1994, the physical, chemical and ecological characteristics of the 
water column of the B-Zone flooded pit have been regularly measured. Physical 
measurements include the examination of the variation with depth of temperature, pH, 
conductivity, dissolved oxygen concentrations and redox. In addition, suspended solids 
concentrations and settling rates have been determined in the field. 
Chemical characterization of the water quality of the flooded pit and the groundwater 
in the vicinity has been performed by extensive sampling and analyses of water 
samples at 5 m intervals from the surface to’bottom during all four seasons. The 
phytoplankton and zooplankton populations have been examined annually in order to 
monitor aquatic ecosystem development. 
Energy transfer, in the forms of light, air temperature and wind, to the flooded pit water 
volume is the key physical factor influencing seasonal and spatial temperature 
variations, and the seasonal vertical circulation pattern of the flooded pit water volume. 
Seasonal water temperature and vertical water circulation pattern variations in turn 
affect, first, the degree of, and spatial variation in, oxygenation of the water volume. 
Second, these variations affect the rates of those chemical and biological processes 
in the water column and on the pit walls. Third, temperature and circulation pattern 
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variations affect the degree of vertical mixing of dissolved and suspended compounds 
between strata of the pit water volume. 
Temperature, pH, conductivity, dissolved oxygen and redox with depth in the flooded 
pit provide an overview of the seasonal physical and chemical variations in the pit 
water. 
These general phenomena can be examined in greater detail using the water quality 
data for the same periods. 
Temperature profiles can be used to determine whether the pit volume is 
continuously vertically circulating, or whether the pit volume is periodically or 
permanently stratifying. 
Variation in conductivity with depth indicates that compounds in the water column 
are forming (reduced conductivity) or pit wall mineralization is dissolving (elevated 
conductivity). 
Variation in pH with depth indicates whether there is variation in chemical 
reactions which, overall, result in hydrogen ion production, such as acid generating 
reactions, or hydrogen ion consumption, such as iron and sulphate reducing reactions. 
Variations in dissolved oxygen concentrations and redox potential can be used 
to confirm those overall reactions suggested by the pH data. 
Once the pattern of seasonal variation in water circulation is established, temporal and 
spatial variations in the concentrations of contaminants, including arsenic and nickel, 
can be characterized, and the current sources of, and potential sinks for, contaminants 
can be identified. 
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The overall limnology, including temperature, pH, dissolved oxygen concentrations and 
conductivity, of the B-Zone flooded pit since flooding until October 14, 1994 is 
described in Section 2. In Section 3, the seasonal and long term (3 years) distributions 
of arsenic, nickel, iron, cations, anions and radionuclides are examined and probable 
sources of these elements discussed. 
Relatively high suspended solids concentrations following flooding of the B-Zone pit 
have been a concern, since development of a biological contaminant removal system 
could not be anticipated if pool light penetration into the water column persisted in the 
long term. In Section 4, suspended solids concentration and sedimentation rate data 
are examined, and the contribution of a phytoplankton bloom (1994) to contaminant 
removal are assessed. Finally, the status of the aquatic ecosystem development in the 
flooded pit is reviewed in Section 5. 
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2.0 LIMNOLOGY 
2.1 Temperature Profile 
In Figure 1, all temperature profile data for sampling station 6.72 collected by Cameco 
(Rabbit Lake Operation) and Boojum Research Ltd. are presented. 
According to the 1992, 1993 and 1994 data, the B-Zone flooded pit stratifies in the ice- 
free season and inversely stratifies in winter. The entire water column freely vertically 
mixes in spring and fall. 
A water body with this circulation pattern is termed a dimictic lake, or one which 
circulates freely twice a year (spring and fall) and is directly stratified (surface layer 
warmer than underling layers) in summer and inversely stratified in winter (surface layer 
colder than underlying water; Wetzel, 1983). 
In the ice-free season, when a water body is directly stratified, a layer of warm water 
with relatively low density, the epilimnion, floats on, and circulates independently of, a 
cooler underlying layer, the hypolimnion. Between these two layers is a stratum of 
thermal discontinuity, termed the metalimnion. The plane of maximum rate of decrease 
of temperature with respect to depth within the metalimnion is termed the thermocline. 
1992 Temperature Profiles In 1992, measurements taken on June 21, July 23 and 
August 29 indicated that the pit surface waters had been heated from above, and a 
thermocline had formed at depths of 5, 6 and 8~ m respectively. By September, 1992, 
cooled surface waters of the epilimnion were mixing with the underlying warmer waters, 
and were eroding the metalimnion. The thermal discontinuity was reduced by this 
vertical mixing and the depth of thermocline had been lowered to 17 m. 
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Temperature measurements recorded on October 26, 1992 indicated that no thermal 
discontinuity was present in the flooded pit. During this loss of thermal stratification, 
the entire pit volume was likely vertically circulating and mixing. Turn-over of the 
flooded pit was occurring on October 26, 1992. 
1993 Temperature Profiles The temperature data for March 7, 1993 indicate that 
the pit was inversely stratified, as expected, with 0’ C water underlying the layer of ice. 
The water temperature gradually increased with depth to 3” C (Figure 1). Vertical 
circulation of the pit likely continued for only a short period following formation of the 
ice cover in winter. During the winter months, significant vertical circulation in the pit 
was probably absent. Temperature, pH, conductivity, and dissolved oxygen profiles 
measured at 11 locations in the pit in April 1994 (Figures 2a to 2d) are described later 
in this section, and the evidence for no vertical circulation during winter is discussed. 
On June 11, 1993, the flooded pit surface water had absorbed enough heat for the pit 
to stratify and a thermocline had formed at a depth of 6 m. Given that the pit was 
inversely stratified in March 1993, spring turnover likely occurred following break-up of 
the ice cover (Figure 1). The epilimnion was clearly defined between 0 m and 6 m, and 
the hypolimnion extended from 7 m to the pit bottom. The metalimnion was therefore 
only 1 m thick. 
By June 29, 1993, the epilimnion had decreased in thickness to only 4 m, while the 
zone of thermal discontinuity, the metalimnion, extended from a depth of 4 m to 13 m. 
Beneath the metalimnion, the hypolimnion temperature was virtually constant at 5’ C 
to the bottom of the pit. The thick metalimnion can form after a period of intense 
heating followed by extensive wind-driven mixing (Wetzel, 1983). 
Boojum Research Limited 
1994 Final Report 
The Decommissioning of The F&Zone Flooded Pit 
6 
For CAMECO Corporation 
Alternation of intense heating and mixing can induce formation of multiple thermal 
discontinuity layers, as were clearly present on July 26, 1993. During a calm, hot 
period prior to July 26, the surface layer was probably intensely heated and vertically 
mixed only to a depth of 3 m, forming the upper thermocline at 3 m depth. The 
thermocline present prior to the intense heating period was located at a depth of 8 to 
9 m (see Appendix D for daily average air temperatures). 
On August 17 and August 22, 1993, the thermocline was located at a 7 to 8 m depth. 
There was probably a calm period of heating between August 17 and 22, given the 
formation of a second thermal discontinuity at a depth of 3 to 4 m. 
There was no thermal discontinuity in the flooded pit on October 9, 1993 and, in windy 
periods, the flooded pit volume was freely mixing and turning over. Cooling of the 
epilimnion, followed by wind-driven mixing had occurred prior to October 9, 1993. 
Further cooling and mixing of the pit volume had to have occurred in the time until 
freeze-up. Calm, < 0°C conditions must have prevailed, whereupon freezing of the 
surface water occurred. 
Pit Circulation Beneath Ice Cover: Temperature, pH, conductivity and dissolved 
oxygen profiles were measured on April 16, 1994, when the flooded pit was still 
completely covered with ice. As observed during the previous winter (March 7, 1994), 
the water column was inversely stratified, in that colder surface water was underlaid 
with warmer, but denser water (maximum density at 4%). Examination of whether the 
pit was horizontally and/or vertically circulating beneath an ice cover during the 1993- 
1994 winter is possible, as 11 temperature, pH, conductivity and dissolved oxygen 
profiles were measured on April 16, 1994 at various locations distributed over the 
surface area of the pit (Map 1). 
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Horizontal circulation and mixing could be occurring beneath the ice due to the Corioiis 
force (a deflection of a moving water body to the right, in the northern hemisphere, from 
the curvature of earth’s motion through space; Wetzel, 1993; period of horizontal 
rotation of pit water calculated at 1 hour). If the pit water was horizontally circulating, 
low variation in temperature, pH, conductivity and dissolved oxygen concentrations at 
a specific depth between sampling locations would be expected (Figures 2a to 2d). 
For temperature and conductivity data (Figures 2a and 2b), variation between sampling 
locations is very low. Two exceptions are stations D and K, where water conductivities 
in the top 2 m were much lower or higher, respectively, that those of other profiles. 
Taken alone, most temperature and conductivity data suggest that the pit was 
horizontally circulating at a sufficient velocity to maintain homogeneous strata. 
However, for pH and dissolved oxygen concentrations (Figures 2c and 2d), there is 
appreciable variation in values according to location, suggesting little horizontal water 
circulation over the winter months, The cooling pattern of the pit over the winter may 
be relatively homogenous over the surface area of the water body, while conductivity 
of water, away from the pit mineralization, may remain relative constant over the winter 
months. There is at present little evidence that the volume of the flooded pit circulates 
horizontally beneath the ice cover in winter. 
If the pit was circulating vertically beneath the ice, then low variation in temperature, 
pH, conductivity and dissolved oxygen data with depth between sampling locations 
would be expected. As there is, in fact, considerable variation in temperature, pH and 
dissolved oxygen with depth (Figures 2a to 2d), there is no evidence of bulk vertical 
mixing beneath the ice cover. 
1994 Temperature Profiles By June 27, 1994, the flooded pit was thermally 
stratified. The thermocline was located at a depth of 5 m below surface and the 
metalimnion extended from 4 m to 8 m. As observed in 1992 and 1993, hypolimnion 
temperatures decreased with depth to as low as 4% in 1994. 
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Fig.2a: B-Zone Pit Temperature Profiles Fig.2b: B-Zone Pit pH Profiles 
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By July 30, 1994, multiple thermal discontinuity layers had formed, as observed in July 
of the previous year, likely due to alternation of intense heating and mixing. 
Thermoclines were present at 3 m and 7 m depths. 
From temperature profiles measured on September 3, September 8, October 1 and 
October 8, 1994, is can be seen that surface waters progressively cooled, decreasing 
the resistance to mixing of the epilimnion with the metalimnion and, eventually, the 
hypolimnion. The epilimnion became successively cooler and thicker (7, 8, 12 and 17 
m thick, respectively), and the thermocline depth was pushed to greater depths. It is 
very likely that turnover of the entire pit volume occurred only days after October 14, 
1994. 
From the available B Zone flooded pit temperature profile data for 1992, 1993 and 
1994, the pattern of thermal stratification and water circulation for all three years is 
similar. This pattern can be expected to continue in the long term if the overall basin 
geometry and water salinity of the B-Zone flooded pit remain the same. 
2.2 Dissolved Oxygen Profiles 
The saturated dissolved oxygen concentration in water is influenced by the elevation 
of the water body above sea level, water temperature and depth of the water stratum 
below the surface. With increasing elevation, the saturated dissolved oxygen 
concentration decreases. For instance, 0” C water at sea level can contain up to 14.62 
mg.L-’ dissolved oxygen, but at the elevation of the B-Zone flooded pit (398 m.a.s.l.), 
0” C surface water can contain only 13.96 mg.L-’ dissolved oxygen at saturation. 
The saturated dissolved oxygen concentration also decreases with increasing 
temperature. For instance, at 20” C, flooded pit surface water can contain only 8.68 
mg.L-’ dissolved oxygen at saturation, compared to 13.96 mg.L-’ at 0” C. 
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The capacity of water for dissolved oxygen to increase with depth of water column, 
termed absolute saturation, can be described by the relationship, 
P, = P, +0.09672 
where P, is the actual pressure (in atmospheres) at depth z (in metres), and P, is the 
atmospheric pressure (atm) at surface. In effect, this relationship shows that the 
absolute saturation dissolved oxygen concentration doubles approximately every 10.3 
m. 
For example, in the B-Zone flooded pit, the saturated dissolved oxygen concentration 
at 4.6” C is 12.36 mg.L-‘, but at a depth of 49 m, the absolute saturation of dissolved 
oxygen is 69.77 mg.L-‘. However, in nature, dissolved oxygen concentrations at depth 
rarely approach absolute saturation because a source of oxygen at that depth, such as 
photosynthesizing organisms, is required. 
Dissolved oxygen input to B-Zone flooded pit water can occur by two processes. First, 
oxygen can diffuse from the atmosphere into the surface water layer of the flooded pit. 
With wind-driven mixing of the surface water, dissolved oxygen concentrations can 
reach saturation. 
The second source is oxygen released by photosynthetic aquatic organisms. Since 
photosynthetic cell density is influenced by light attenuation with depth, this second 
process will be restricted to the upper stratum of the water column where adequate light 
for net photosynthesis is available. 
Because both these processes of dissolved oxygen input are limited to the surface 
layer of water, the percent absolute dissolved oxygen saturation can be expected to 
always decrease with depth in the water column. 
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In summer, because of development of direct stratification, active atmospheric oxygen 
input to the B-Zone flooded pit is primarily limited to the epilimnion, the layer which is 
continuously mixing, with some oxygenation of the upper part of the metalimnion. 
Oxygen transfer to the hypolimnion from the metalimnion in summer is almost entirely 
restricted to diffusive flux, a very slow process over distances of metres. 
Because of formation of an ice cover in winter, atmospheric oxygen transfer to the 
flooded pit water is strictly by diffusion through the snow and ice into the surface water. 
As the flooded pit volume is likely still slowly rotating at the time of ice formation, some 
oxygen transfer to greater depths is possible by bulk mixing. However, over the course 
of winter, bulk movement of water stops, and only oxygen transfer by diffusion from the 
atmosphere to surface water occurs. 
Spring and fall turnovers are the two periods when the entire pit volume mixes, and 
dissolved oxygen captured by surface water is transported by bulk water movement 
throughout the pit. 
Just following the period of spring turn-over, the entire pits water volume will contain 
dissolved oxygen at a concentration similar to the dissolved oxygen concentration for 
surface water during spring turnover. With formation of direct stratification, the 
dissolved oxygen concentration achieved throughout the pit during turn-over will be 
trapped in the hypolimnion. Similarly, following the period of fall turnover and ice cover 
formation, bottom water will contain dissolved oxygen at a concentration similar to the 
dissolved oxygen concentration for surface water during fall turnover. 
If a water body is oligotrophic, and there is little or no oxygen consumption in the 
hypolimnion, then the dissolved oxygen concentration should remain higher in the 
hypolimnion relative to the epilimnion during summer stratification. This oxygen profile 
is termed orfhograde (Wetzel, 1993). 
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If a body of water is eutrophic, and the decay of organic matter consumes oxygen in 
the hypolimnion, then the dissolved oxygen concentration in the hypolimnion decreases 
over the summer (and, to a lesser degree, winter) months, and dissolved oxygen 
concentrations are higher at the surface than at the bottom of a water body. This 
oxygen profile pattern is termed clinograde. 
A variation in oxygen distribution is the metalimnefic oxygen maximum when, during 
summer stratification, dissolved oxygen concentrations are higher in the metalimnion 
than in either the overlying epilimnion or the hypolimnion below. This phenomenon is 
caused by oxygen release by photosynthetic organisms in the cooler metalimnion. 
More rarely, a metalimnetic oxygen minimum forms during summer stratification, when 
dissolved oxygen concentrations are lower than in either the epilimnion or hypolimnion. 
This can be caused by oxygen consumption by decomposing settling particles as they 
pass through the metalimnion, where dissolved oxygen concentrations are not 
replenished as readily as in the epilimnion. Meanwhile, decomposition is very slow in 
the cold hypolimnion. 
In Figure 3, all dissolved oxygen concentration profile data for station 6.72 (Map 1) 
collected by Cameco (Rabbit Lake Operation) and Boojum Research Ltd. are 
presented. 
The pit was flooded with Collins Bay water by pumping, ending on March 14, 1992. 
Since the pit was filled with water with a relatively uniform temperature, the pit volume 
likely freely mixed in spring. Thermal stratification had formed in the flooded pit by 
June 21, 1992. Oxygen concentrations were lower in the warmer, freely-circulating 
epilimnion than in the colder hypolimnion. As surface water temperatures increased 
and as the epilimnion formed, the saturated dissolved oxygen concentration was 
depressed, and degassing of oxygen from the epilimnion stratum occurred. The 
dissolved oxygen profile at this time was orthograde (Figure 3). 
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By July 23, 1992, with further warming of the epilimnion, more degassing of oxygen 
occurred in the epilimnion. There is some indication that dissolved oxygen had been 
consumed in the hypolimnion between June 21 and July 23, as overall concentrations 
were lower while the temperature had not appreciable changed. However, the 
dissolved oxygen profile was still orthograde. 
Dissolved oxygen concentration data collected on August 29, 1992 indicate that oxygen 
in the metalimnion and the upper part of the hypolimnion had increased since 
measurements taken on July 23, 1992 (Figure 3). This pattern somewhat resembles 
a metalimnetic oxygen maximum. Although formation of a metalimnetic oxygen 
maximum is not unusual for stratified lakes, it is generally attributed to high 
photosynthetic activity in the metalimnion. Given that light penetration into the flooded 
pit was restricted to the top 2 m in 1992, according to Secchi depth measurements 
(Appendix C-l), photosynthetic activity in the 10 m stratum is an unlikely cause for the 
metalimnetic oxygen maximum. 
Violent storm events with cold temperatures could have mixed the epilimnion and 
metalimnion during a period between July 23 and August 29, cooling these layers and 
mixing in dissolved oxygen. In this scenario, stratification had to have re-established 
before August 29, trapping elevated dissolved oxygen concentrations in the 
metalimnion. 
The oxygen profile data collected on September 17, 1992 indicates that oxygen 
concentrations in the top 17 m of the water column were homogenous (Figure 3). 
Cooling of the pit had progressed such that the top 17 m of the pit were freely mixing, 
and oxygen entrainment was occurring. 
By October 26, 1992, the entire pit volume was mixing and dissolved oxygen was 
evenly distributed throughout the pit volume at surface water saturated concentrations 
(12.88 mg.L-‘). 
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Dissolved oxygen concentration data for March ~7, 1993 indicate that dissolved oxygen 
concentrations were virtually at saturation in the top 2 m of water beneath the ice cover 
(14.5 mg.L-‘). Meanwhile, oxygen concentrations at the bottom of the pit were about 
12.1 mg.C’, a concentration similar to that at the time of mixing in the fall. This 
indicates that oxygen was not being consumed at the pit bottom to a measurable 
degree. The near-saturation oxygen concentrations (with respect to surface water) 
extended from the surface to a depth of about 11 m, but oxygen concentrations 
declined from 11 m depth to the bottom. This oxygen concentration decline with depth 
is likely related to increasing temperature with depth. 
During the 1993 spring turn-over, the entire pit volume must have warmed and some 
oxygen was degassed to the atmosphere. By June 11, sufficient heating of surface 
waters had occurred to initiate thermal stratification of the pit. With heating of the 
epilimnion, oxygen concentrations decreased,~ while hypolimnion dissolved oxygen 
concentrations likely reflect dissolved oxygen concentrations prevailing during spring 
turn-over just before onset of thermal stratification. 
By June 29, dissolved oxygen concentrations in the epilimnion had further decreased 
with increasing temperature (Figure 3). However, oxygen concentrations in the 
hypolimnion remained relatively constant and at the same levels as earlier in June, 
1993. 
Heating of the surface of the epilimnion had created a multiple thermal discontinuity by 
July 26 (Figure 1). Accordingly, surface water dissolved oxygen concentrations were 
decreased to the lowest levels on record for the pit (8 mg.L-‘). 
In contrast to the formation of a metalimnetic oxygen maximum in August, 1992, on 
August 17, 1993, there was a metalimnetic oxygen minimum at approximately 7 m. 
Two processes may have been responsible for this minimum. First, extreme heating 
of the epilimnion and upper metalimnion may have continued after July 26, lowering the 
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dissolved oxygen concentration in the 7 m stratum. This could have been followed by 
a cooler period, prior to August 17, which re-oxygenated the epilimnion. An alternative 
explanation is oxygen consumption in the metalimnion by decomposing particles settling 
through the stratum. Large blocks of shoreline peat have been observed collapsing into 
the pit since 1992. It may be that the peat particles sinking through the water column 
consumed some dissolved oxygen. 
By August 22, cooler surface water temperatures and deeper circulation in the 
metalimnion may have been responsible for increased dissolved oxygen concentrations 
in the metalimnion, and removal of the metalimnetic oxygen minima (Figure 3). 
By October 9, 1993, cooling of the epilimnion had resulted in temperatures approaching 
that of the hypolimnion. Wind-driven circulation mixed the entire pit, and oxygen 
concentrations were homogenous throughout the pit. With further pit water cooling and 
mixing after October 9, dissolved oxygen concentrations probably further increased 
throughout the pit until ice formed. 
On April 16, 1994, dissolved oxygen concentrations in the top 3 m water beneath the 
ice cover were very high, at almost 15 mg.L-‘, and very similar to oxygen 
concentrations on March 7, 1994. However, the oxygen concentration declined more 
steeply with depth than in 1993, reaching as low as 10 mg.L-’ at 47 m, compared to 12 
mg.L-’ in March of the previous winter (Figure 3). This difference in dissolved oxygen 
gradients between 1993 and 1994 cannot be attributed to temperature differences, but 
is more likely due to greater oxygen consumption by organic matter in 1994 than in 
1993. 
Dissolved oxygen concentration discontinuities with depth were much more pronounced 
in the 1994 ice-free season, compared to 1992 or 1993. For instance, by June 27, 
1994, a fraction of the dissolved oxygen in the epilimnion had degassed since warming 
of the surface waters in spring, and the concentration was only 10 mg.L-’ at the surface, 
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compared to 13.6 mg.L-’ at the top of the hypolimnion (6 m depth). Although this 
oxygen profile was still orthograde, on this date and on July 30, September 3, October 
1 and October 14, 1994, the oxygen concentration in the hypolimnion slightly, but 
consistently, declined with depth. 
This likely indicates that oxygen consumption by decomposing organic matter settling 
through the hypolimnion was occurring. In 1992 and 1993, organic matter input to the 
flooded pit water column was primarily peat eroded from the developing shoreline. 
However, on September 3, 1994, it was clear that a phytoplankton population 
(Dicfyosphaerium simplex) was present in the top 2 m of flooded pit, indicated by 
phytoplankton sample examination and the presence of a visible quantity of algae which 
had accumulated in sedimentation traps placed in the pit in June 1994. Decomposition 
of this new source of organic matter settling through the water column may be 
responsible for the gradual oxygen concentration decline with depth in the hypolimnion. 
The presence of phytoplankton on July 30, 1994 was also evident from the 
metalimnetic oxygen minimum present in the flooded pit. The dissolved oxygen 
concentration sharply peaked to its maximum for the entire pit profile at a 3 m depth 
(bottom of epilimnion), then rapidly reached the oxygen concentration profile minimum 
at a depth of 6 m (middle of hypolimnion). High photosynthetic activity, driven by 
adequate illumination, by the phytoplankton population was releasing oxygen into the 
0 m to 3 m stratum. However, sufficient light was no longer available to phytoplankton 
biomass which was settling through the hypolimnion, and decay of this biomass was 
consuming oxygen. 
By September 3, 1994, with cooling of the surface water and erosion of the metalimnion 
by wind-driven circulation, the thickness of the epilimnion had increased to 6 m (Figure 
1). At this time, phytoplankton biomass was being carried through the zone of light 
penetration (0 to 1.4 m, secchi data) where there was adequate light for net primary 
productivity by phytoplankton (= net oxygen production), and through a lower stratum 
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where there was inadequate light for net primary productivity. Therefore, discrete 
zones of oxygen production and oxygen consumption could not establish within the 
epilimnion. 
In October, 1994, with continued cooling of the epilimnetic waters and wind-driven 
circulation to increasing depths, the oxygen concentration gradient with depth 
diminished. By October 14, 1994, only a slight oxygen concentration discontinuity 
remained at a depth of 20 m. 
Overall, the 1994 phytoplankton population clearly had an effect on the dissolved 
oxygen concentration profile of the B-Zone flooded pit, particularly during July, and 
probably during August as well. Should dense phytoplankton populations continue to 
develop each summer, metalimnetic oxygen minima can be anticipated in these 
months, and the pits oxygen profile can be expected to become more clinograde 
(decreasing oxygen concentrations with depth) with accumulation of readily degradable 
organic matter in the lower portion of the water column and sediments. 
2.3 pH Profiles 
The pH of the B-Zone flooded pit at any depth ate station 6.72 remained within the range 
of pH 5.29 to pH 8.75 during the period June 21, 1992 to October 14, 1994 (Figure 4). 
The pH of the B-Zone flooded pit is related to total inorganic carbon concentrations in 
the water. The total inorganic carbon content of water is dependent on the equilibrium 
established between atmospheric and dissolved CO, (equation 1 below), the 
bicarbonate-carbonate system (equation 2) contributions from metabolic respiration 
(equation 3), utilization of CO, in photosynth,esis (equation 4) and dissolution of 
carbonate minerals (equation 5). 
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CO, (air) cf CO, (dissolved) + H,O, CO, + H,O - H&O, Equ.1 
H&O, c+ H’ + HCO;, HCO; .z+ H’ + CO,‘- Equ.2 
C,H,,O, (glucose) + 60, + 6C0, + 6H2, + energy Equ.3 
CO, + H,O + light energy + CH,O (carbohydrate) + 0, Equ.4 
Ca(HCO,), e Ca*’ + 2HC0, Equ.5 
The vertical pH distribution exhibits a pattern approximately the inverse to that of total 
inorganic carbon. Total inorganic carbon is distributed uniformly with depth during 
spring and fall circulation. Therefore, the pH can be also expected to be uniform. This 
is the case for the B-Zone flooded pit on October 26, 1992 and October 9,1993, as can 
be seen in Figure 4. 
Warmer epilimnetic waters contain less CO, than cooler waters below because of 
decreased solubility, and therefore surface waters have higher pH values. Higher pH 
in the epilimnion was recorded in 1992, 1993 and, most notable, on July 30, 1994, 
whenever the pit was directly stratified (Figure 4). 
The winter pH profile of the B-Zone flooded pit was recorded on March 7, 1993, and 
April 16, 1994. In March, 1993, the pH of the 40 m to 46 m deep stratum had 
decreased from the mixed pit pH (October 26, 1992) over the course of the winter. 
This suggests that carbon dioxide concentrations had increased in bottom water during 
this period. Decomposition of organics, from blocks of muskeg eroded from the pit 
walls and settling to the bottom, is likely occurring. The trend of decreasing pH with 
depth was present, but less pronounced, on April 16, 1994. 
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2.4 Conductivity Profiles 
The conductivity of water is closely proportional to the sum of the concentrations of the 
major dissolved cations (calcium, magnesium, sodium and potassium) and anions 
(sulphate, chloride and bicarbonate). 
At station 6.72, the conductivity of the B-Zone flooded pit water has remained between 
30 and 78 j&cm- on every date measured between June 21, 1992 and October 14, 
1994, with two exceptions (Figure 5). By March 7, 1993, conductivity had greatly 
increased towards the bottom of the pit, starting at 40 m (44 @.cm”) and reaching a 
maximum at 47 m (bottom) of 107 ,&.cm-‘. Similarly, by April 16, 1994, conductivity 
had greatly increased towards the bottom of the pit, starting at 39 m (56 @.cm-‘) and 
reaching a maximum at 47 m (bottom) of 104 @%crn~‘. Contact of the probe with a soft 
pit bottom is sometimes difficult to detect by touch over a span of 50 m of cable, and 
the deepest measurements may have been taken with the probe lying on the bottom. 
However, elevated water conductivities were also measured on April 16, 1994 (Figure 
2c) at the bottom of two profiles located over the deepest area of the pit (G and H, 5 
40 m), while conductivities were not elevated at the bottom of the other nine profiles (I 
40 m deep). Therefore, measured elevated conductivities 2 and 3 m above the pit 
bottom are real, and not an artifact of the measuring technique. 
During periods of whole-pit mixing (e.g. October 26, 1992, October 9, 1993) the 
conductivity is distributed uniformly with depth. In the period shortly after establishment 
of stratification (e.g. June 21, 1992, June 11 and June 29, 1993, June 27, 1994) the 
conductivity also remains relatively uniform with depth. 
Afler the prolonged period of stratification in 1992 (e.g. July 23, August 29 and 
September 17) higher conductivity can be observed with depth. However, conductivity 
gradients were not nearly as pronounced in 1993 and 1994 when the pit was stratified. 
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On March 7, 1993, the conductivity of bottom water (47 m) was approximately 2.5 times 
higher than water from depths of 0 m to 40 m. Similarly, on April 16, 1994, the 
conductivity of bottom water was more than twice that of the water from depths of 0 m 
to 39 m. Similar bottom water conductivity anomalies were observed in both winters, 
but suspended solid concentrations, and therefore settling rates, were much higher in 
the 1992-93 winter than in 1993-94 winter (se,e Figure 14 in Section 4.1 for T.S.S. 
data). 
A possible explanation is dissolution of ions from mineralization located in the deepest 
(> 45 m) zones of the flooded pit. Special waste, covered with 2 m of till, was 
distributed over the deepest section of the pit prior to flooding. The March 1993 and 
April 1994 conductivity measurements were made after approximately three and four 
months, respectively, of very low/no water movement at the bottom of the flooded pit. 
This allowed sufficient time for conductivity gradients to establish from the bottom of the 
pit to a few metres above. However, the question remains, why has this conductivity 
gradient not been observed, to date, late in the ice-free season (for instance, 
September) when very low/no water movement in the hypolimnion had prevailed since 
establishment of stratification in early summer. Dissolution of mineralization located at 
the bottom of the flooded pit should occur in sum,mer as well, and conductivity gradients 
should have been observed on August 29, 1992 and September 3, 1994, times when 
measurements were made to these depths. 
One remaining possibility explaining this phenomenon may involve ground water entry 
to the flooded pit. If ground water entering the pit year-round has an elevated 
conductivity, and a temperature around 4°C (temperature of maximum density), then 
this water would readily sink to, and accumulate over, the bottom of the pit in winter 
months when the pit was filled with lighter water (temperature < 3°C low conductivity). 
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On June 5, 1991, the year before flooding of the B-Zone pit, two large seepages were 
observed entering the pit between the second and third, and third and fourth benches 
of the pit (Kalin, Wheeler and Smith, November 1991, “The Decommissioning of the B- 
Zone Pit With Ecological Engineering”). While these seepages contained, at the time, 
less than 0.1 mg.L-’ As and Ni, their conductivities were relatively high (280, 244 
E.IS.C~-‘), dissolved iron concentrations were high (8.6 mg.L*‘), and their temperatures 
were low and near maximum density (4.4”, 3.5” C). In winter, this ground water may 
be sinking to the bottom without mixing with the pit water in its immediate vicinity, 
inducing the observed conductivity increase at the bottom of the pit by late winter. In 
summer, the ground water would have a temperature (4 to 5°C) and density similar to 
those of the hypolimnion and would not sink to the bottom of the pit. 
This explanation, high conductivity ground water sinkage in winter, is only partially 
supported by existing data, and remains tentative until more data become available. 
In summary, between June 21, 1992 and October 14, 1994, the conductivity of the top 
40 m of flooded pit has ranged from 30 to 78 &cm-‘. However, in the 1992-1993 
winter and the 1993-1994 winter, bottom water conductivities reached 107 and 104 
,&cm-‘, respectively. Due to vertical mixing of this bottom water with the rest of the 
volume during the 1993 and 1994 spring turnover, whole pit conductivities have overall 
been increasing since pit flooding. 
Boojum Research Limited 
1994 Final Report 
26 
The Decommissioning of The B-Zone Flooded Pit 
For CAMECO Corporation 
3.0 SOURCES AND DISTRIBUTION OF CONTAMINANTS 
Arsenic and nickel are the primary contaminants of concern in the B-Zone flooded pit 
The major loading of arsenic and nickel could be entering the B-Zone flooded pit water 
body from one of three sources: first, suspended solids eroded from the shoreline and 
settling through the pit; second, contaminated g,round water entering the pit; and third, 
dissolution of contaminants from the pit walls. 
In the February 1993 report, “Ecological Engineering. The B-Zone Flooded Pit and The 
Waste Rock Pile”, analyses of water samples showed very little differences between 
total and dissolved As and Ni concentrations, and the suspended particles contained 
far too little arsenic and nickel to account for the concentrations in the pit. 
To date, regional piezometer monitoring data indicate that ground water in the vicinity 
of the flooded pit contains background As and Ni concentrations, and that contaminants 
originating in the vicinity of the waste rock pile have not yet reached the pit. Even if 
ground water arsenic and nickel concentrations were as high as 10 mg.L-’ at the 
estimated inflow rates (see February 1993 report, “Ecological Engineering. The B-Zone 
Flooded Pit and The Waste Rock Pile”), ground water could not contribute more than 
0.06 mg.L-’ per year arsenic or nickel to the flooded pit water. 
Therefore, the source of arsenic and nickel in the flooded pit is most likely due to 
solubilization of contaminants from the submerged pit walls. 
The most important questions are; How much arsenic and nickel will be released from 
the submerged pit walls each year? For how long will this dissolution process occur? 
Are natural biogeochemical processes removing arsenic and nickel from the flooded pit 
water? 
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3.1 Arsenic 
3.1.1 Total Arsenic Load in Pit 
In Figure 6, estimated arsenic loads in the flooded pit are given for each of the water 
quality sampling dates (calculations are given in Appendix B). 
The pit was filled with approximately 5000,000 m3 of Collins Bay water in late winter 
1992. If this water contained 0.001 mg.L-’ As, then the arsenic load in the pit was only 
5 kg. However, on June 21, 1992, there was a total of 903 kg of arsenic in the pit (572 
kg dissolved; Table 1). Clearly, arsenic was solubilized from exposed mineralization 
during and after pit flooding. 
By June 30, 1992, the arsenic load had increased to 1,013 kg and by July 23, 1992, 
to 1,529 kg, or by another 626 kg over the June 20 load. However, water quality 
measurements for September 1 (1,657 kg), September 17 (1,507 kg) and October 1 
(1,494 kg) indicate that the total quantity of arsenic in the flooded pit volume had not 
substantially further increased by late summer .and fall of 1992 (Figure 6, Table 1). 
Water samples were collected from beneath the ice on March 7, 1993. The total 
arsenic for this date (1077 kg) was approximately 417 kg lower than 1992 fall values 
(Table 1). This indicates that an appreciable quantity of arsenic was removed from the 
water column over the winter period. 
The suspended fraction of arsenic in the pit on October 1, 1992 was 269 kg (Table 1). 
Since approximately 417 kg of arsenic had been removed from the water column by 
March 7, 1993, a net 148 kg of dissolved arsenic must have been incorporated into 
precipitates which settled over the winter months. Precipitates containing iron are likely 
candidates responsible for this arsenic removal. 
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Fig.6 B-Zone Pit 1992 - 1994 
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Table 1: Averages of pH, conductivity, dissolved oxygen concentration and temperature in B-Zone flooded Pit; 
Total H+ ions, dissolved solids , enthalpy and dissolved oxygen; Kg of As, Ni and Fe above/below thermocline 
and in whole pit. 
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Unfortunately, following spring turnover of the pit, the total arsenic load again had 
increased by June 11, 1993 to 1,438 kg (1,203 dissolved; 235 kg suspended), from 
1,077 kg (995 kg dissolved; 82 kg suspended) on March 7, 1993. On June 29, 1993, 
1,448 kg of arsenic were present (1,333 kg dissolved; 115 kg suspended). These 
levels are comparable to 1992 summer loads. While re-suspension of arsenic-bearing 
solids between March 7 and June 11, during spring turnover, may have contributed up 
to 153 kg of suspended arsenic to the overall arsenic load, an additional 248 kg of 
arsenic in a dissolved form also joined the pit water volume in this period. By August 
22, 1993 the arsenic load had again increased by approximately 483 kg, to a new high 
of 1,931 kg (I,61 1 kg dissolved; 320 kg suspended). 
The last set of measurements for 1993, on October 9, indicate that during fall turnover 
the total arsenic load decreased by 304 kg, an amount similar to the suspended arsenic 
load (320 kg) on August 22, 1993. During pit volume mixing, arsenic may have 
combined with some iron from the hypolimnion to form precipitates large enough to 
rapidly settle, leaving, on October 9, 1993, 1,565 kg of dissolved arsenic, and only 62 
kg of suspended arsenic (total arsenic load, 1,627 kg). 
Over the 1993-1994 winter, the arsenic load in the flooded pit increased from 1,627 kg 
(October 9, 1993) by 536 kg to 2,163 kg on April 17, 1994 (1,953 kg dissolved; 210 kg 
suspended). The dissolved arsenic load increased by 388 kg, while the suspended 
arsenic load increased by 148 kg in this period. In contrast, the arsenic load decreased 
during the 1992-1993 winter. 
Following the 1994 spring turnover (June 28, 1994), the flooded pit contained 135 kg 
more arsenic than the April 17, 1994 arsenic load. On June 28, 1994, the flooded pit 
contained 1,991 kg of dissolved arsenic and 307 kg of suspended arsenic (total, 2,298 
kg). Therefore, water currents in the flooded pit during spring turnover did not 
appreciably re-suspend arsenic-bearing solids from the pit bottom into the pit volume. 
In turn, the suspended arsenic load increase observed in the spring of 1993 was likely 
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not due to mixing during spring turnover. This assumes that the velocity of water 
currents in the pit during the 1994 spring turnover was similar to 1993 spring turnover 
water velocities. 
By August 16, 1994, the arsenic load in the flooded pit had dramatically decreased by 
735 kg to 1,563 kg (1,412 kg dissolved; 151 kg suspended). The flooded pit arsenic 
load was even lower on September 9, 1994 at 1,521 kg (1,266 kg dissolved; 255 kg 
suspended), and slightly lower yet on October 9, 1994 at 1,501 kg (1,339 kg dissolved; 
162 kg suspended). Clearly, an important dissolved arsenic removal process was 
operating in the flooded pit between June 28 and October 9, 1994, as the dissolved 
arsenic load decreased by a net weight of 652 kg. The most likely process(es) 
responsible for this arsenic removal will be discussed once nickel and iron 
concentration and loading trends have been thoroughly examined as well. 
Overall, the rate of net arsenic concentration increase in the B-Zone flooded pit was 
much less in 1993 and 1994 than in 1992 and, in fact, arsenic concentrations 
substantially decreased in late summer and fall of 1994. It appears that either the 
processes liberating arsenic into the water column have slowed in the last two years, 
compared to 1992, or that an arsenic removal mechanism (s) is operating more 
effectively. Slowing of release and increased removal could be both occurring. The 
overall net decrease in the rate of arsenic concentration increase is likely related to a 
sequence of events as described below. 
Massive arsenic loading occurred during tilling of the pit, as the bottom and relatively 
horizontal surfaces of the pit were covered with particulates, collectively providing a 
very high surface area for arsenic release to water during vertical mixing of the pit in 
spring, 1992. 
Over the summer of 1992, pit wall surfaces were in direct contact with water, and 
arsenic solubilized from the walls could enter the water column, elevating the arsenic 
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concentrations 
Arsenic flux from exposed arsenic-bearing mineralization in the pit wall will decrease 
as the surface arsenic supply is depleted, .and arsenic deeper in the pit wall 
mineralization must diffuse over a greater distance to the surface of the mineralization. 
Meanwhile, a fraction of the arsenic, adsorbed onto and precipitated with organic and 
iron particles, is likely being removed from the water column. 
In summary, since completion of pit flooding on March 14, 1992, the flooded pit total 
arsenic concentrations have increased from background concentrations (0.001 mg.L-‘; 
Collins Bay) to range from 0.16 to 0.55 mg.L-’ in 1992, 0.18 to 0.48 mg.L-’ in 1993, and 
0.28 to 0.89 mg.L-’ in 1994. Between March 14 and October 1, 1992, the flooded pit 
arsenic load increased by 1,490 kg. Between October 1, 1992 and October 9, 1993, 
the arsenic load increased by only 133 kg. Between October 9, 1993 and October 9, 
1994, the arsenic load decreased by 126 kg. The flooded pit arsenic load peaked on 
June 28, 1994 at 2,298 kg. However, between June 28 and October 9, 1994, the 
arsenic load decreased by 797 kg, or by 35%. 
3.1.2 Distribution of Arsenic 
In Figure 7, five major phenomena can be seen. First, after a period of mixing, total 
arsenic concentrations in the epilimnion during periods of direct stratification (ice-free 
season) did not increase until the next period of mixing, when epilimnetic water was 
mixed with hypolimnetic water typically containing higher arsenic concentrations. This 
indicates that soluble arsenic is not released, or has already been depleted, from the 
uppermost pit walls in contact with the epilimnion. 
Second, on sampling dates following prolonged periods of direct stratification (ice-free 
months), both suspended and dissolved concentrations increase with depth in the pit 
below the epilimnion. 
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Assuming that significant vertical mixing of the hypolimnion does not occur during direct 
stratification (between spring and fall turnover), soluble arsenic must be available from 
the pit walls and bottom from approximately 10 m below surface to the bottom of the 
pit. Soluble arsenic diffusing away from the pit walls and bottom surfaces is mixed into 
the hypolimnion volume by the pits seiche set into horizontal rotation by the coriolis 
effect (period of rotation calculated at 1 hour). 
If the only source of arsenic to the pit volume was from the floor of the pit, then 
diffusion of arsenic from the floor upwards would generate an very steep concentration 
gradient. In this case, high arsenic concentrations would be observed from the floor 
of the pit to just a metre above the floor. However, the arsenic concentration gradient 
from the pit bottom to the top of the hypolimnion is typically a linear one, and does not 
reflect a diffusion gradient. 
Arsenic release per square metre of the pit walls may be more homogenous over the 
vertical profile of the pit walls than suggested fro’m the arsenic concentration with depth 
profiles. Higher concentrations at the bottom, compared to the top of the hypolimnion 
may in fact be related to the decreasing water volume to pit wall surface area ratio with 
depth. 
In Figure 8, estimates of the water volumes, pit wall surface areas and the volume: 
surface area ratios for 11 strata are shown. Apart from the O-3 m stratum, the upper 
7 strata in the pit (0 m to 33 m) have a volume:surface area ratio of greater than 2O:l. 
Below 33 m, the volume:surface area ratios diminish to as low as 3.6:1. Therefore, 
arsenic released from the pit walls at the bottom of the pit disperses into a much 
smaller volume of water than does arsenic dispersing into the water volume comprising 
the stratum at the top of the hypolimnion. 
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Fig. 8: B-Zone Flooded Pit 
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A third phenomenon visible in Figure 7 is that, during or just after periods of pit mixing 
(June 21, October 1, 1992; June 11, October 9, 1993) dissolved and suspended 
arsenic concentrations are relatively constant with pit depth. This verifies the 
conclusion drawn from the temperature, oxygen, pH and conductivity profile data, that 
the pit thoroughly mixes in spring and fall. 
The fourth phenomenon apparent in Figure 7 is that the ratio of suspended to dissolved 
arsenic has been decreasing since flooding of the pit. Two general processes may 
account for this fourth phenomenon. First, it is possible that pit wall particulates 
containing arsenic were suspended during pit filling, but have been settling to the pit 
bottom in the time since. 
More likely is a second possibility, that a supply of a carrier particle, such as iron 
hydroxide, is diminishing, and less dissolved arsenic is attaching to carrier particles, 
explaining why the dissolved arsenic concentrations were increasing in 1992, 1993 and 
early 1994, and suspended arsenic concentratibns are decreasing. 
The fifth phenomenon is that, in contrast to periods of direct stratification, the arsenic 
(primarily dissolved) concentrations in the 0 m and 5 m samples collected on March 7, 
1993 (ice cover, inverse stratification) were higher than in the 10, 15, 20 and 25 m 
samples, and similar to the 30 and 35 m samples collected on the same date. This 
phenomenon is also clearly visible from the April 17, 1994 data. These higher 
concentrations just below the ice, compared to the 10 to 25 m depth samples, are likely 
related to freeze-out of dissolved ions from water which formed the > 1 m thick ice 
cover, and migration of this heavier solution with a relatively high total dissolved solids 
concentration to the water layer underlying the ice. 
In summary, the source of arsenic appears to be pit wall mineralization in contact with 
the hypolimnion during the ice-free season. Ttie upper (approximately 0 to 10 m) pit 
walls in contact with the epilimnion during the ice-free season appear to be releasing 
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less arsenic, while the special waste placed. at the pit bottom is not contributing 
exceptional amounts of arsenic, compared to pit walls. 
3.2 Nickel 
3.2.1 Total Nickel Load in Pit 
Pumping of Collins Bay water into the pit stirred up particles from the pit walls and 
bottom. When pumping ceased, particles began to settle out of the water column. The 
5 million m3 of Collins Bay water contained approximately 25 kg of nickel (0.005 mg.L” 
Ni). By June 21, 1992, after contact of this water with the pit walls, and spring turn- 
over, an additional 1,012 kg of nickel (15 % suspended) were mobilized in the water 
body (Figure 9, Table 1). 
On June 30, 1992, 852 kg were present in the pit, a decrease of 159 kg compared to 
June 21, 1992. Even less nickel was present in the pit on July 23, 1992 (449 kg; Table 
1). This is the same period when large amounts of suspended solids were settling in 
the pit. Adsorption of nickel onto these particles may have served to remove dissolved 
nickel. 
The nickel load, present mostly in a dissolved form in the flooded pit, greatly increased 
between July 23 and September 1, 1992, from 449 to 1,222 kg, an gain of 773 kg. 
This increase occurred primarily in the hypolimnion (Figure 9) suggesting dissolution 
of nickel from pit wall/bottom mineralization. 
The nickel load remained relatively constant in the periods between September 1, 
September 17 (1,159 kg) and the last 1992 date, October 1, 1992 (1,080 kg), when fall 
turnover was under way (Table 1). 
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Fig.9: B-Zone Pit 1992 - 1994 
Nickel Load 
- 
(I) @Jo ..,.........._................_._....._...._,_.. 
Y 
/. 
_z 
z 
Upon Pit 
400 1 ...Rmtiing... .,............_.... r.., 
L 
(Collins B. 
m ._,,_,_ \nR.tL%I~ ___. . .._.~........-- 
ot + 
/ 
28.oec-91 15Jlll-92 
m*pr-92 23.act-92 
ptei inPit + Above Thermocline ---x+ Below Thermocline 1 
Boojum Research Limited 
1994 Final Report 
39 
The Decommissioning of The B-Zone Flooded Pit 
For CAMECO Corporation 
Over the course of the winter, the flooded pit nickel load had increased again, this time 
by 662 kg to a load of 1,742 kg. During spring turnover, no great net nickel loss or gain 
from the water body occurred, as the June 11, 1993 nickel load was still 1,818 kg. 
Therefore, water currents in the flooded pit during spring turnover did not appreciably 
re-suspend nickel-bearing solids from the pit bottom into the pit volume. 
As observed for the period between June and July, 1992, the nickel load had 
decreased by June 29, 1993, by 337 kg to 1,481 kg. In 1993, the nickel load remained 
relatively constant over the remaining period of stratification (e.g., August 22, 1,419 kg) 
and during fall turnover (October 9, 1,448 kg). 
Over the 1993-1994 winter, the nickel load in the flooded pit was 1,654 kg, an increase 
of 206 kg from the October 9, 1993 load. However, most of this nickel load increase 
is attributable to the high bottom (45 m) water nickel concentration (see Figure 10 in 
Section 3.2.2) which was nearly double that in the overlying water. 
Shortly after the 1994 spring turnover, the flooded pit nickel load was 1,792 kg, an 
increase of only 138 kg from April 17, 1994. Thereafter, the nickel load has steadily 
declined, to 1,655 kg on August 16, 1,484 kg on September 9, and 1,397 kg on 
October 9, 1994, the last date sampled. Therefore, between June 28, 1994, when the 
nickel load peaked, and October 9, 1994, the nickel load decreased by 395 kg or 22%. 
In summary, since completion of pit flooding the flooded pit total nickel concentrations 
have increased from background concentrations (0.005 mg.L-‘; Collins Bay) to range 
from 0.14 to 0.38 mg.L-’ in 1992, 0.17 to 1.3 mg.L.’ in 1993, and 0.19 to 0.91 mg.L“ 
in 1994. 
Between March 14 and October 1,1992, the flooded pit nickel load increased by 1,055 
kg. Between October 1, 1992 and October 9, 1993, the nickel load increased by 368 
kg. Between October 9, 1993 and October 9, 1994, the nickel load decreased by 51 
Boojum Research Limited 
1994 Final Report 
40 
The Decommissioning of The E-Zone Flooded Pti 
For CAMECO Corporalion 
kg. The flooded pit nickel load peaked on June Y 1, 1993 (1,818 kg) and June 28, 1994 
(1,792 kg). However, between June 28 and October 9, 1994, the nickel load decreased 
by 395 kg, or by 22%. 
3.2.2 Distribution of Nickel 
Figure 10 presents the depth distribution of nickel concentrations. The patterns are 
overall similar to those for arsenic (Figure 7) with some exceptions. 
During the period of direct stratification in 1992, nickel concentration were higher with 
increasing depth of the flooded pit. On October 1, 1992, fall turnover was under way, 
the pit had been mixed, and the nickel concentrations were relatively constant with 
depth. 
As observed for arsenic, freeze-out of nickel from the thick (>I m) ice cover had slightly 
increased the nickel concentration in the stratum of water underlying the ice by March 
7. 1993. 
Unlike arsenic, the nickel concentration was extremely high at the bottom of the pit (45 
m) by March 7, 1993 but, just 5 m above the bottom (40 m), nickel concentrations were 
the same as at depths between 5 m and 35 m. This suggests that the major source 
of nickel, as of March 7, 1993, mobilizing into the pit volume was much more confined 
to the pit floor, compared to the arsenic source. 
In Figure Ila, total nickel concentrations with depth for samples collected March 7, 
1993 are plotted. At Stations 6.71 (maximum depth 20 m) and 6.73 (maximum depth 
40 m), nickel concentrations did not increase towards the bottom of the pit. Relatively 
high nickel concentrations (1.3 mg.L-‘) were determined in samples from 45 m, which 
could be collected at station 6.72. This source of nickel at depths of greater than 40m 
may be the special waste placed in the deepest zone of the pit prior to flooding in 1992. 
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However, this material does not appear to be the primary arsenic source, according to 
the March 7, 1993 data (Figure 11 b), when total arsenic concentrations were very 
constant with depth and were not particularly high at depths greater than 40 m. 
The dissolved and suspended nickel concentrations in water samples collected on June 
11, 1993 by Boojum Research Limited suggest a very interesting phenomenon (Figure 
10). While there was little variation in dissolved nickel concentrations with depth of 
sampling, the sample collected from 22 m below the surface contained a large amount 
of suspended nickel (0.21 mg.L-‘, 45 % of total). In fact, this suspended nickel 
concentration in the 32 m sample on June 11, 1993 was higher than in any other 
sample collected between June 21, 1992 and October 9, 1994, apart from the April 17, 
1994 bottom water sample. This bottom water sample may have contained suspended 
nickel disturbed from the sediments during sampling. The June 11, 1993 samples from 
2 m (0.07 mg.L-’ suspended nickel) and 12 m (0.1 mg.L-’ suspended nickel) also 
contained high concentrations of suspended nickel (21 %, 27 % of total nickel in 
suspended form, respectively). 
This trend, on June 11, 1993, of increasing suspended nickel concentrations between 
0 m and 22 m, but low suspended nickel concentrations in the 32 m and 40 m samples, 
may indicate that, following spring turnover, s&ace water warming may have briefly 
induced the formation of nickel-bearing precipitates, the bulk of which had settled to 22 
m, but not yet reached a depth of 32 m below the surface as of June 11, 1993. 
Alternatively, nickel-bearing solids may have entered the pit in run-off in spring, and 
these solids were settling through the water column. By June 29, 1993, this suspended 
nickel had settled out, and similar concentrations of nickel, mostly in a dissolved form, 
remained throughout the water column. 
On August 22, 1993, the epilimnion (0 m, 5 m samples) contained exceptionally low 
dissolved and suspended nickel concentrations (Figure IO), compared to the 
hypolimnion. Also, the fractions of arsenic concentrations in a suspended form were 
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low throughout the pit profile. These observations indicate that a process, such as 
adsorption by phytoplankton which was restricted to the epilimnion, had converted 
dissolved nickel into solids large enough to settle out of the entire water column (50 m) 
in the 54 days since June 29, 1994. An algal bloom was not noticed during the 1993 
summer sampling campaigns, but minor amounts of the planktonic algae, 
Dicfyosphaerium simplex, were present in the flooded pit on August 17, 1993. This 
algal population bloomed in the flooded pit in the summer of 1994. 
As suggested from the nickel loading calculations (Table I), there is very little indication 
that additional nickel was joining the bulk of the flooded pit volume from the bottom 
after June 11, 1993. The trend of increasing nickel concentrations with depth in the 
hypolimnion during stratification in 1992 was only marginally visible from the data 
collected during the period of summer stratification in 1993. 
As observed in the previous winter (March 7, 1993) nickel concentrations were 
exceptionally high on April 17, 1994 at the very bottom of the flooded pit (45 m) 
compared to nickel concentrations in samples collected between 0 m and 40 m. 
Again, diffusion of nickel from the special waste and basement rock into the overlying 
water is suggested. During spring turnover, this nickel, which had accumulated in the 
bottom water over the winter, was mixed with the remainder of the pit water. By June 
28, 1994, nickel concentrations were higher throughout the water column between 0 
m and 40 m, and the nickel load peaked at a level almost that of the June 11, 1993 
load. 
On August 16, 1994, nickel concentrations in the epilimnion had greatly declined, and 
remained low throughout September and even in October, 1994 (Figure 10) when the 
epilimnion had increased in thickness to 17 m. With these lower nickel concentrations, 
the flooded pit nickel load steadily declined from June 28, 1994 until the last sampling 
campaign on October 9, 1994. 
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This nickel load decrease is probably attributable to nickel adsorption by the 1994 algal 
bloom observed in the pit on September 9, 1994. Nickel removal by this algal 
population is discussed in more detail in Section 4.4. 
In summary, the nickel source appears to be more confined to the deepest portion of 
the pit (> 40 m, possibly the special waste), compared to the source of arsenic. The 
nickel load decrease which occurred in late summer and fall of 1994 is attributable to 
nickel concentration decreases primarily in the epilimnion, likely due to adsorption by 
the biomass of a phytoplankton bloom observed in the summer of 1994. 
3.3 Iron 
The concentration, form (dissolved, suspended) and oxidation state (ferrous, ferric) of 
iron are important parameters with respect to both arsenic and nickel removal. For 
instance, ferric arsenate formation and co-precipitation of nickel with ferric hydroxide 
in aerobic conditions are effective means to bind dissolved arsenic and nickel onto 
suspended forms, which can then settle out of the water column. 
3.3.1 Total Iron Load in Pit 
A large mass of iron was mobilized in the new water body upon flooding of the B-Zone 
pit, as was observed for arsenic and nickel. The original Collins Bay water volume 
added to the pit contained approximately 100 kg of iron but, by June 30, 1992, 10,972 
kg of suspended and dissolved iron was present in the pit (Table 1). Most of the iron 
was in a suspended form (91%). 
The total iron load steadily decreased, for the most part, since flooding of the open pit 
was completed until the last sampling campaign for 1994, on October 9 (Figure 12). 
The similar iron load on October 1, 1992 to that on September 17, 1992 indicates that 
fall turnover and mixing interrupted the settling of iron. 
Boojum Research Limited 
1994 Final Report 
46 
The Decommissioning of The B-Zone Flooded Pit 
For CAMECO Corporation 
Fig.12: B-Zone Pit 1992 - 1994 
Iron Load 
2- Upon Pit 
2 
i i- 
Flooding ..~~~iiin~~~ I . -.-.- -.-, 
water, 
28&c-91 15Jh-92 
06Apr-92 23.Od-92 
1993 1994 
-Jan-93 
1 l-May-93 27.NW-93 16.J”“.94 01.Jan-95 
f Total in Pit + Above Thermocline -+I--~ Below Thermocline 
Boojum Research Limited 
1994 Final Report 
47 
The Decommissioning of The B-Zone Flooded Pit 
For CAMECO Corporation 
Over the 1992-93 winter period, the total iron load continued to decline, but at a much 
slower pace than during the 1992 ice-free season. Although particle size distribution 
data are not available, this decline in the rate of iron sedimentation may be due to an 
increasing larger fraction of very fine, slowly settling particles, following sedimentation 
of larger, rapidly settling particles. 
By March 7, 1993, the total iron load had decreased to 4,728 kg, from the original 
10,972 kg estimated for June 30, 1992. By August 22, the total iron load had 
decreased to 3,208 kg, and on October 9, 1993, to 2,832 kg. 
On June 28, 1994, following spring turnover, the total iron load increased to 3,714 kg, 
but had decreased again to 2,087 kg by August 16. Overall, the total iron has 
remained relatively constant in the pit since October 9, 1993, ranging from 2,000 to 
3,700 kg. 
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3.3.2 Distribution of Iron 
Total iron concentrations in the flooded pit ranged from 0.99 to 3.4 mg.L-’ in 1992, 0.18 
to 1.1 mg.L-’ in 1993 and 0.27 to 1 mg.L-’ in 1994. From the time of filling the pit with 
Collins Bay water until September 9, 1994 (last available total and dissolved iron data), 
more than 45 % of the iron was in a suspended form (Figure 13). In fact, given that 
dissolved iron concentrations were usually determined in samples filtered through 3.0 
pm filters (samples collected by Cameco on-site personnel), even a larger fraction, 
possibly an extra 0.2 mg.L”, of the iron’ was in a suspended or colloidal form. 
In 1992 during periods of direct stratification, suspended iron concentrations increased 
with depth, while dissolved iron concentrations were similar throughout the profile. This 
indicates that particulate iron was settling in these periods. In periods when the pit was 
mixing (October 1, 1992; October 9, 1993) the total iron concentrations were 
homogenous throughout the pit. 
Of particular interest are the dissolved and suspended iron concentrations on March 
7, 1993, following several months of virtually no bulk water movement or input of new 
suspended solids. Both dissolved and suspended iron concentrations were similar 
regardless of depth. 
The results of analyses of three sets of flooded pit water samples collected by Cameco on-site 
personnel filtered through 3.0pm membranes (June 30, 1992, September 1, 1992 and June 29, 1993) 
were compared with three sets of samples collected by Boojum Research Limited filtered through 0.45pm 
membranes (June 21, 1992, September 17, 1992 and June 11, 1993). It must be qualified that Cameco 
samples were collected on a different date of the same month and typically at different depths than 
Boojum samples. 
Cameco dissolved arsenic concentrations were 0.008, -0.019 and 0.038 mg.L” different (average, &QQ.9 
mq.L-’ hiqher) than Boojum samples, while Cameco total arsenic concentrations were 0.028, -0.039 and 
0.003 mg.L-’ different (average, 0.005 mq.L-’ lower) than Boojum samples. Cameco dissolved nickel 
concentrations were -0.015, -0.01 and -0.007 mg.L” different (average, 0.002 mq.L-’ lower) than Boojum 
samples. Cameco total nickel concentrations were -0.015, 0.008 and -0.035 mg.L” different (average, 
0.014 mq.L-’ lower) than Boojum samples. Cameco dissolved iron concentrations were 0.224 and 0.185 
mg.L-’ different (average, 0.2 mq.L-’ hiqher) than Boojum samples, while between the one pair of total 
iron concentrations, Cameco total iron was 0.376 mq.L-’ hiqher than the Boojum concentration. See 
Appendix A-l for details of comparison of results. 
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In addition, despite the long settling time available, the suspended iron concentration 
remained about 0.6 mg.L-’ throughout the pit. It appears that a fraction of the 
suspended iron is comprised of extremely fine particles which did not settle in the 
available time since freeze-up. 
Another possibility is that, after months of relatively stagnant water conditions under the 
ice, ferrous iron oxidation and ferric iron hydroxide settling were in equilibrium with the 
release of dissolved iron into the water column. If this equilibrium had established, then 
it would be expected that suspended iron concentrations would have been higher at 
greater depths, as suspended iron formed throughout the water column, then settling 
and accumulated with depth; this equilibrium concept is not supported by data (Figure 
13) where a relatively even distribution of susbended and dissolved iron with depth 
was observed on March 7, 1994. 
It is also of interest to note, for samples collected on June 29, 1993 following ice break- 
up and pit volume turnover, that total, and particularly suspended, iron concentrations 
had not increased since March 7, 1993. This is’additional evidence that, during spring 
turn-over, water velocities in the pit are too low to re-suspended arsenic, nickel and 
iron-bearing particles into the water column. 
On June 11, 1992, dissolved iron concentrations in the flooded pit ranged from 0.1 to 
0.22 mg.L-’ (Boojum samples), while on June 29, 1993, dissolved iron ranged from 0.35 
to 0.45 mg.L” (Cameco samples, possible 0.2 mg.C’ overestimate; see * above). On 
August 22, dissolved iron concentrations ranged from 0.07 to 0.29 mg.L-’ (Cameco 
samples). In 1994, the dissolved iron concentrations, determined only on September 
9, ranged from 0.08 to 0.27 mg.L-’ (Boojum samples). Overall, dissolved iron 
concentrations do not appear to have appreciably decreased between 1993 and 1994. 
On August 22, 1993, August 16, 1994 and on September 9, 1994, dissolved and 
suspended iron concentrations in the epilimnion were substantially lower than in the 
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hypolimnion. Iron concentration discontinuity with depth closely corresponds with the 
pattern of reduced dissolved nickel concentrations in the flooded pit epilimnion for these 
dates (Figure 10). Phytoplankton populations in 1993 and, particularly, in 1994 may 
be the cause for dissolved iron concentrations decreases in the epilimnion. The iron 
content in the 1994 phytoplankton biomass is compared to the total amount of iron 
removed from the pit in Section 4.4 below. 
In summary, in 1992, most of the iron (91%) was in a suspended form and, on all 
sampling dates since, more that 45 % of the iron remained in a suspended form. The 
iron loading has declined from 10,972 kg on June 30, 1992 to 2,247 kg on October 9, 
1994, a decrease of 79 %. Rapid settling of iron-bearing solids occurred in 1992, while 
iron loads more gradually diminished in 1993 and 1994. 
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3.4 Distribution of Other Major Compounds 
Nutrient and dissolved ions have been routinely measured in samples collected from 
the B-Zone flooded pit from 1992 to 1994. The concentrations of these ions are 
presented in Table 2a (1992) Table 2b (1993) and Table 2c (1994). 
3.4.1 Nutrients 
When suspended solids concentrations are sufficiently reduced to allow adequate light 
penetration into the epilimnion, nutrient concentrations will be the limiting factor for algal 
growth and subsequent zooplankton population ,development and species diversity. In 
1992, sufficient light penetration (determined by Secchi depth measurements) for algal 
growth was limited to the top 0.5 m layer of water, while the top 5 to 7 m of water 
(epilimnion) were mixing. Therefore, adequate light was only periodically available for 
these algal populations to grow as they circulated within the epilimnion. 
By August 17, 1993, adequate light penetration had increased to approximately 2 m, 
providing better light conditions for growth. On September 9, 1994, similar light 
penetration was measured but, at this time, the phytoplankton bloom itself was limiting 
light penetration. Therefore, during the 1994 ice-free season, nutrients present in the 
epilimnion were being utilized by this plant population. 
Phosphate: Collins Bay, an oligotrophic water body, typically contains very low 
phosphate concentrations, in the order of 0.15, mg.L-’ or less (Table 2a). Following 
flooding, the B-Zone pit contained relatively high phosphate concentrations, ranging 
from 0.46 to 1 .I mg.L-’ (June 21, 1992). As observed for seepage from the waste rock 
pile, the pit walls likely contain some mineralization which released phosphate upon 
contact with Collins Bay water. 
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Table 2a: Nutrient status, major ions and contaminants in the flooded pit (1992) 
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Table 2b: Nutrient status, major ions and contaminants in the flooded pit (1993). 
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During the period of stratification in 1992, phosphate concentrations were typically 
higher in the hypolimnion than in the epilimnion, and highest at the bottom of the pit. 
Precipitation with oxidized iron, and particle settling were two likely processes removing 
dissolved phosphate from the epilimnion. 
Later in 1992, phosphate concentrations were generally greater than 0.25 mg.L-‘, with 
6 exceptions (July 30, 2m, 0.18 mg.L-‘; September 1, Om, 0.12 mg.L-‘, 25m, 0.06 mg.L 
‘, 35m, 0.12 mg.L”; October 1, 15m, ~0.03 mg.L-‘, 45m, ~0.03 mg.L-‘). Low phosphate 
concentration anomalies even occurred when the pit was mixing (October 1, 1992; 
Table 2a). These low phosphate concentrations do not co-occur with exceptionally low 
or high concentrations of other compounds, including dissolved or suspended iron. 
In late winter (March 7, 1993) following the period of inverse stratification, phosphate 
concentrations ranged from 0.21 to 0.46 mg.L” (Table 2b), with the exception being the 
bottom water sample, which contained 1.84 mg.L-’ phosphate. This high phosphate 
concentration was in the same pit bottom sample that contained an exceptionally high 
nickel concentration. It is possible that nickel mineralization localized at the bottom of 
the pit, possibly the special waste deposit, is the same mineralization releasing 
phosphate. 
Following the 1993 spring turnover, phosphate concentrations were exceptionally high 
(0.92 to 1.9 mg.L“) throughout the pit (Table 2b). By June 29, phosphate 
concentrations remained high, ranging from ‘0.80 to 1.93 mg.L-‘. Although high 
phosphate concentrations were present at the tiottom of the pit on March 7, 1993 and 
certainly contributed to the observed phosphate increase following spring turnover, 
much more phosphate was present in the pit in spring than can be accounted for by the 
high winter bottom phosphate concentration. Phosphate was added to the pit from 
other sources, possibly in run-off from regions of the drainage basin where fertilizer was 
added during revegetation. 
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By August 22, 1993, phosphate concentrations had overall decreased, and ranged from 
0.31 to 0.55 mg.L-‘. Similar phosphate concentrations were present on October 9, 1993 
(0.34 to 0.49 mg.L”). These phosphate concentrations are overall much higher than 
those found in Collins Bay, an oligotrophic water body, and should support high primary 
productivity (phytoplankton) in the flooded pit epilimnion. 
It is very interesting to note that, as with nickel, phosphate concentrations in the 
hypolimnion were only marginally higher than in the epilimnion in 1993 (as opposed to 
1992 trends), and bottom water samples contained phosphate concentrations only 
slightly higher than the remainder of the pit profile. 
While this may appear to indicate that nickel and phosphate solubilization from the pit 
floor into overlying water had subsided in the summer of 1993, samples collected on 
April 17, 1994 from the bottom of the pit contained 1.29 mg.L-’ phosphate and 0.67 
mg.L” dissolved nickel, values much higher than in samples from the remainder of the 
overlying water column. The pattern, to date, appears to be accumulation, each winter, 
of nickel and phosphate in water overlying the flooded pit bottom. 
Although there are several possible explanations, a hypothesis which is supported by 
all available data has not yet been formulated to explain why conductivity readings, and 
nickel and phosphate concentrations reach very localized annual maxima in the bottom 
45 to 50 m water by late winter after approximately 3 months of inverse stratification, 
while similar maxima are not observed at this depth by late summer afler 3 months of 
direct stratification. Specifically, if the special waste placed at the bottom of the pit was 
the source of nickel, phosphate and conductivity, then similarly elevated levels should 
have been observed on some occasions late in the ice-free season as well. 
One explanation is that adequate vertical mixing is, in fact, occurring at the bottom of 
the flooded pit during summer stratification, dispersing nickel and phosphate diffusing 
from the special waste. However, the limnological profile data overall indicate 
Boojum Research Limiied 
1994 Final Report 
58 
The Decommissioning of The B-Zone Flooded Pit 
For CAMECO Corporation 
otherwise. 
Alternately, in Section 2.1.4, a hypothesis was introduced involving the entry of 4% 
clean (low Ni and As), but high conductivity and iron-rich ground water (8 to 9 mg.L-’ 
dissolved iron) into the flooded pit at a depth of approximately 10 to 20 m below the 
flooded pit surface. During winter, this flow of maximum density water may be slowly 
cascading from the point of entry over the pit walls, descending to the bottom of the pit. 
This moving water may pick up nickel and phosphate which has solubilized from the 
pit wall over the path of the descending ground water and, over the winter, water with 
high conductivity and elevated nickel and phosphate concentrations accumulates at the 
bottom of the pit. In summer, this 4°C ground water would not be denser that the pit 
water, typically 4 to 5” C in this period, and would directly disperse into flooded pit 
stratum adjacent to the point of ground water inflow. 
While this hypothesis is somewhat plausible, questions remain as to why bottom water 
arsenic and iron concentrations do not reach equivalent maxima in winter. It is possible 
that the release of arsenic and iron from the special waste is more attenuated by the 
overlying till cover, compared to nickel and phosphate release. 
On June 26, 1994 phosphate concentrations were consistently high throughout the 
water column (0.34 to 0.49 mg.L-‘), as observed in 1992 and 1993. Phosphate which 
accumulated at the pit bottom had been mixed through the water column during spring 
turnover, but contribution of additional phosphate from other sources, such as run-off, 
does not appear to have occurred in the spring of 1994. Phosphate concentrations 
ranged from 0.31 to 0.68 mg.L-’ on the remainder of sampling occasions in 1994. 
Phytoplankton population development in 1994 does not appear to have decreased 
phosphate concentrations in the epilimnion to a measurable degree. Overall, the 
phosphate concentrations in the B-Zone pit have remained well in excess of that 
required for high primary productivity since flooding in March 1992. The special waste 
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placed at the bottom of the pit may well continue to serve as a phosphate source to the 
flooded pit. 
Nitrate: Nitrate concentrations in Collins Bay are typically 0.04 mg.L-’ (Table 2a). 
Upon flooding of the pit, nitrate concentrations in this water increased to 0.35 to 0.44 
mg.L”, (June 21, 1994; Table 2a), likely due tc solubilization of residual ammonium 
nitrate-fuel oil (ANFO) explosives on the pit walls. 
Nitrate concentrations were measured on July 23, 1992, during stratification of the pit. 
No clear relationship between nitrate concentration and depth was apparent 
Concentrations ranged from 0.04 at the bottom of the pit to 0.31 mg.L-’ at a depth of 
22 m below surface. The epilimnion contained 0.13 mg.L-’ nitrate. 
On September 17, 1992, nitrate concentrations in the pit were overall higher than 
during the previous sampling times. The epilimnion contained 0.44 to 0.49 mg.L-‘, while 
the hypolimnion contained about 1 mg.L-‘. Further solubilization of residual ANFO may 
have caused this increase since July 23, 1992. 
Nitrate concentrations were only determined once in 1993, on June 11, just following 
spring turn-over (Table 2b). Nitrate concentrations were still relatively high throughout 
the pit (0.71 to 0.84 mg.L-‘), but further loading from the pit walls during winter does not 
appear to have occurred. 
On June 26, 1994, nitrate concentrations in the epilimnion were relatively low (0.14 
mg.L*‘) compared to the hypolimnion, where nitrate concentrations ranged from 0.48 
to 0.62 mg.L-‘. This is clear evidence of the presence and rapid growth of the 1994 
phytoplankton bloom, indicated by the nitrate utilization by this population. 
The effects of uptake by the phytoplankton on nitrate concentrations in the epilimnion 
were still apparent on August 16, 1994. Less than 0.04 mg.L-’ nitrate was present in 
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epilimnetic water, while the hypolimnion still contained 0.70 to 0.88 mg.L” nitrate. This 
trend continued through September 9 and October 9, 1994, when nitrate levels in the 
epilimnion remained very low (~0.04 mg.L-‘), compared to the hypolimnion. 
Overall, nitrate is present in the flooded pit at concentrations which support good plant 
productivity. However, in contrast to phosphate, by August 16, 1994, nitrate in the 
epilimnion had been removed by the phytoplankton population to concentrations low 
enough to be growth-limiting (co.04 mg.L-‘). During the 1994 fall and 1995 spring 
turnovers, surface water nitrate concentrations will likely rebound to adequate levels, 
but, because the pit stratifies in summer, nitrate will likely continue to limit algal growth 
later in the growing season once the supply in the epilimnion is depleted. Ammonium 
concentrations, as described below, have typically been less than 0.01 mg.L-‘, and do 
not represent an alternate source of available nitrogen for plant growth. 
Ammonium: The ammonium concentration in the Collins Bay water (0.07 mg.L-‘) used 
to flood the pit was not affected during filling or following spring turnover (Table 2a). 
On June 21, 1992, ammonium concentrations ranged from 0.07 to 0.1 mg.L-‘. 
Concentrations on June 30 (~0.01 to 0.09 mg.L-‘) and July 23 (0.01 to 0.08 mg.L-‘) 
were still at background concentrations. 
By September 1, 1992, ammonium concentrations had decreased to <O.Ol to 0.04 
mg.L-‘. Ammonium concentrations were still low on September 17 and October 1, 
1992. There is no evidence that ammonium entered the flooded pit water column in 
winter and ammonium concentrations were still 0.01 to 0.03 mg.L*’ throughout the pit. 
Following spring turnover, ammonium concentrations had dropped to undetectable 
concentrations (<O.Ol mg.L-‘). Samples collected on June 29, August 22 and October 
9, 1993 also did not, for the most part, contain detectable concentrations (~0.01 mg.L-‘) 
of ammonium (Table 2b). 
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In 1994, on April 17, June 28 and August 16, ammonium concentrations remained very 
low, and usually less than 0.01 mg.L-‘, throughout the water column. However, a very 
important observation can be made for September 9, 1994 data, when ammonium 
concentrations in the surface water were 0.68 mg.L-‘, compared to 0.05 to 0.08 mg.L-’ 
in the hypolimnion. This ammonium release can be expected during the death and 
decay of phytoplankton biomass after a bloom. 
By October 9, 1994, the phytoplankton population had probably subsided, and biomass 
was settling through the water column. The higher ammonium concentrations in the 
hypolimnion at this time were likely due to ammonium release from the decaying algae. 
Total Kieldahl Nitroaen: Total Kjeldahl nitrogen, or TKN, is composed of reduced 
nitrogen compounds other than ammonium. ,These are present in dissolved and 
suspended organic matter. TKN concentrations following pit flooding were higher (0.2 
to 0.41 mg.L-‘) on July 23, 1992 than that typical for Collins Bay (0.16 mg.L-‘; Table 
2a). Re-measurement of TKN on September 17, 1992 indicated that concentrations 
had increased further (0.25 to 0.96 mg.L-‘). 
The only set of TKN data for 1993 was for samples collected on June 11, 1993 (Table 
2b). In these samples, TKN ranged from 0.71 to 0.84 mg.L’, similar to September 17, 
1992 values. 
In 1992 and early 1993, the elevated TKN concentrations could be due to the fine 
suspended peat particles being eroded from the flooded pit shoreline. Although not 
determined in 1994, TKN concentrations would have probably been elevated due to the 
phytoplankton bloom. Over the 1994-1995 winter, this biomass will settle through the 
water column, and increase the nitrogen content of sediment accumulating on the 
flooded pit’s horizontal planes and bottom. 
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3.4.2 Cations 
Potassium, calcium, magnesium and sodium concentration changes can be indicative 
of the rate at which pit wall mineralization is being solubilized. 
Potassium: In 1992 and 1993, potassium concentrations have remained, for the most 
part, the same as Collins Bay concentrations. 
On most sampling dates during summer stratification (June 30, July 23, September 1, 
September 17, 1992; August 22, 1993; August 16, 1994) and during winter inverse 
stratification (March 7, 1993; April 17, 1994) bottom water potassium concentrations 
were slightly higher (Tables 2a, 2b and 2~). However, elevated potassium 
concentrations in these bottom waters were insufficient to overall affect the potassium 
concentration of the flooded pit following mixing. 
Calcium: Afler an initial increase of 1 mg.L-’ upon pit flooding, calcium 
concentrations slowly rose over 1992 and 1993 to concentrations twice that of Collins 
Bay (2.3 mg.L-‘; Table 2a). On October 9, 1993, the calcium concentration ranged from 
5 to 6 mg.L-‘. In 1994, calcium concentrations did not appreciably increase over 1993 
values, and ranged from 3 to 8 mg.L-’ (Table 2~). 
As observed for potassium, bottom water samples typically contained slightly higher 
calcium concentrations than the overlying water body. 
Maonesium: The pattern of magnesium concentrations and increases in the flooded pit 
are very similar as those for calcium. Magnesium concentrations had increased from 
0.9 mg.L-’ (Collins Bay) to 1.6 to 2.0 mg.L-’ by June 30, 1992 (Table 2a). Magnesium 
concentrations were typically highest at the pit bottom during periods of stratification. 
By October 9, 1993, magnesium concentrations ranged from 1 to 3 mg.L-’ (Table 2b). 
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Magnesium concentrations did not increase in 1994 over 1993 values. Magnesium 
concentrations ranged from < 1 to 5 (pit bottom, April 1994) mg.L-‘. 
Sodium: Like calcium and magnesium, sodium concentrations increased upon 
contact with the flooded pit walls. Sodium concentrations had increased from 1.1 
mg.L-’ (Collins Bay) to 1.7 to 1.9 mg.L-’ by June 30, 1992 (Table 2a). However, sodium 
concentrations remained in this range for the remainder of 1992 and in 1993 (Table 
2b). In 1994, sodium concentrations ranged from 1.6 to 2.8 mg.L-‘, a slight increase 
over previous years’ values (Table 2~). 
Overall, the increasing concentrations of calcium, magnesium and sodium in the 
flooded pit with time indicate that some dissolution of pit walls minerals did occur, 
particularly in 1992 and 1993. 
2.4.3 Anions 
As the sum of the concentrations of dissolved cations increases with time, so must the 
sum of the concentrations of the ions sulphate, chloride and/or bicarbonate, in order to 
maintain ionic balance. 
Sulphate: Upon filling of the pit, sulphate concentrations increased from 3 mg.L-’ 
(Collins Bay), to 4.5 to 5.4 mg.L-’ (June 21, 1992; Table 2a). 
Sulphate concentrations continuously increased in 1992 and 1993 (Tables 2a and 2b). 
As of October 9, 1993, the sulphate concentration was IO mg.L-’ (fall pit turnover). This 
represents an increase in sulphate of 3.3 times over the original Collins Bay 
concentration. 
During periods of stratification, sulphate concentrations were slightly higher in bottom 
water samples. Like nickel and phosphate, much higher sulphate concentrations were 
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present in bottom water samples than in overlying water in 1992 and on March 7, 1992. 
And again, like nickel and phosphate, in the summer of 1993 sulphate concentrations 
were only slightly higher at the bottom of the pit during stratification. 
In 1994, sulphate concentrations ranged from 10 to 13 mg.L-‘, with one exception, 22 
mg.L-’ at the pit bottom on April 17, 1994. 
Chloride: Despite its high solubility, chloride did not increase upon flooding of the 
pit, unlike other anion and cation concentrations. 
In 1992, chloride concentrations were overall consistently low, except for the July 23, 
1992 bottom water sample (1.2 mg.L-‘), the 30 m water sample collected on September 
1, 1992 (1.3 mg.L-‘), and the 22 and 41 m water samples collected on September 17, 
1992 (1.6, 1.3 mg.L-‘, respectively; Table 2a). 
However, during fall turnover, chloride concentrations were still 0.3 to 0.5 mg.L”, similar 
to Collins Bay water (0.7 mg.L”). 
On March 7, 1993, chloride concentrations were elevated (2 mg.L-‘) compared to 1992 
concentrations (Table 2b). Chloride concentrations were very consistent throughout the 
water column, in contrast to nickel, phosphate and sulphate concentrations, which were 
all relatively high at the flooded pit bottom compared to concentrations in samples of 
overlying water. 
Following spring turnover, chloride concentrations had again decreased to 1992 
concentrations, ranging from 0.4 to 0.8 mg.L-’ on June 11 and <I mg.L-’ on June 29, 
1993. 
On August 22, 1993, chloride concentrations had increased again to 3 mg.L’, but on 
October 9, 1993, concentrations were only as high as 2 mg.L-’ (10 m sample) and 
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usually 1 mg.L-’ and less. Chloride analytical inaccuracy may be accounting for some 
of this variation. 
In 1994, chloride concentrations did not increase over previous years’ values and 
ranged from -=I to only 2 mg.L-‘. 
Bicarbonate: Overall, the 1992 bicarbonate concentrations in the flooded pit were 
similar to Collins Bay (11 mg.L”; Table 2a). In 1993, the bicarbonate concentrations 
ranged from 11 to 15 mg.L” (Table 2b), and in 1994 ranged from 14 to 17 mg.L-’ (Table 
2b). Therefore, between 1992 and 1994, bicarbonate concentrations were slightly 
increasing. However, no significant variation with season or depth can be noted from 
the data available. 
3.4.4 Total Dissolved Solids 
The total dissolved solids (TDS) concentration in Collins Bay water is approximately 21 
mg.L-’ (Table 2a). Following flooding and spring turnover, TDS concentrations 
increased in the pit to 46 to 57 mg.L-’ (June 30, 1992; Table 2a). The TDS had 
apparently decreased by July 23, 1992 (26 to 43 mg.L-‘) although decreases in the 
concentration of major ions were not observed. 
There is a pattern of increasing and decreasing TDS concentrations in 1992 and 1993 
which is probably related to the pore size used during filtration. TDS concentrations 
are typically lower in samples filtered (0.45 pm) by Boojum (July 23, September 27, 
1992; June 11, 1993; Table 2b) than in samples filtered by Rabbit Lake personnel (3 
pm). Taking this into account, TDS concentrations did not greatly change in 1992 and 
1993, following spring turnover and mixing. 
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3.4.5 226Ra and Uranium 
226Ra and uranium concentrations have remained relatively low since flooding of the B- 
Zone pit in early 1992. Average dissolved *?“Ra concentrations in water samples 
collected at 5 m intervals did not exceed 0.09 Bq.L-’ between June 30, 1992 and 
October 9, 1994. Average dissolved uranium concentrations did not exceed 0.02 mg.L‘ 
’ in this period (Table 3). 
226Ra Concentrations: On June 30, 1992, three months after pit flooding, the 
average dissolved 226Ra concentration was 0.66 Bq.L-’ (5 - 50 m, n=lO), while the 
average total 226Ra concentration was 0.67 BqL’. Therefore, 90 % of the 226Ra was 
in a suspended form (Table 3). 
While the average dissolved 226Ra concentration did not diminish in 1992 (0.04 to 0.07 
Bq.L-‘), the average total “‘Ra concentration decreased from 0.67 Bq.L-’ (June 30) to 
0.26 BqL’ on October 1, 1992 (Table 3). This decline in total 226Ra concentrations is 
probably due to the settling of suspended solid’s containing 226Ra. 
In 1993, average dissolved 226Ra concentrations overall declined from a peak of 0.09 
Bq.L-’ on June 29, to 0.03 Bq.L-’ on October 7, 1993. In 1994, the average 226Ra 
concentration was slightly higher on April 17, in samples collected from beneath the ice 
cover, but over the summer and fall, average dissolved 226Ra concentrations remained 
between 0.02 and 0.03 Bq.L-’ (Table 3). 
Total 226Ra concentrations were much lower in 1993, compared to 1992. By October 
7, 1993, the average total “‘Ra concentration in the flooded pit was only 0.1 BqL’, 
compared to averages of 0.26 to 0.67 Bq.L-’ in 1992. Total 226Ra concentrations further 
decreased in 1994, averaging 0.05 to 0.08 Bq.L-’ (Table 3). 
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Table 3: Average Total and Dissolved Ra-226 and Uranium Concentrations at Station 6.72 in the B-Zone Flooded Pit. 
Sampling Depth 
Date Flange N= 
30.Jun-92 5-50m 10 
01 &p-92 O-45m 10 0.04 0.37 
01 -act-92 O-45m 10 0.07 0.26 
07.Mar-93 O-45m 10 0.07 0.18 
29.Jun.93 O-35m 8 0.09 0.18 
22.Aug-93 O-35m 8 0.04 0.12 
07.Oct.93 O-45m 10 0.03 0.10 
17-Apr-94 O-45m 10 0.05 0.08 
28.Jun-94 O-47m 11 0.02 0.08 
16-Aug-94 O-45m 10 0.03 0.06 
09.act-94 O-43m 10 0.03 0.05 
Aug. Diss. Avg. Tot. 
Ra-226 Ra-226 
W/L W/L 
0.06 0.67 
- 
5 
- 
% 
juspendec 
90% 
83% 
73% 
65% 
52% 
60% 
72% 
35% 
72% 
51% 
34% 
wg. Diss. Avg. Tot. % 
U U Suspendec 
w/L w/L 
0.01 0.04 67% 
0.02 
0.02 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.04 42% 
0.03 40% 
0.03 39% 
0.03 27% 
0.03 45% 
0.02 41% 
0.02 31% 
0.02 31% 
0.02 19% 
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Overall, most of the total 226Ra concentration decrease is attributable to settling of 226Ra 
attached to suspended particles, indicated by the successive decrease with time in the 
percentage of 226Ra in a suspended form, from 90 % in early 1992 to 34 % in late 1994 
(Table 3). 226Ra presently in the flooded pit is mostly (66 %) in a form which will pass 
through a 3.0 pm filter. 
Uranium Concentrations: On June 30, 1992, on average, 67 % of the uranium in the 
flooded pit was in a suspended (> 3.0 pm) form (Table 3). Suspended uranium has 
mostly settled out over the last three years. On October 9, 1994, only 13 % of the 
uranium was in a suspended form. Meanwhile, average dissolved uranium 
concentrations have been steady at 0.01 mg.L-’ since August 22, 1993 until the last 
sampling time, on October 9, 1994. 
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4.0 SUSPENDED SOLIDS CONCENTRATIONS AND SEDIMENTATION RATES 
In 1992, suspended solids concentrations were relatively high following spring run-off 
and turnover of the B-Zone flooded pit. On June 21, 1992, total suspended solids 
(TSS) concentrations ranged from 62 mg.L-’ (2 m) to 143 mg.L-’ just above the bottom 
(50 m) of the pit (Figure 14), and the Secchi depth was only 0.25 m. This high turbidity 
and low water clarity were of concern, as it was originally envisaged that biological 
polishing by algae of the B-Zone flooded pit could be employed, should removal of 
contaminants be required. 
Maintenance of high suspended solids in the flooded pit surface water results in poor 
light penetration into the water column, restricting plant growth to the uppermost 
stratum of water. With mixing in the epilimnion to depths greater than light can 
penetrate, algal biomass would be regularly circulated through zones with inadequate 
light for growth. If this condition of high TSS persisted over years, then biological 
removal of arsenic and nickel, present at concentrations above 0.05 and 0.025 mg.L-‘, 
respectively (SSWQG), would be very limited. 
A sampling campaign was initiated in June, 1992, for first, measurement of TSS 
concentrations with depth in the flooded pit over time (see Section 4.1) and second, 
measurement of the downward flux of suspended solids (or sedimentation rate; see 
Section 4.2) during the ice-free season using sedimentation traps (designed after 
Bloesch & Burns, 1979). With these TSS concentration and sedimentation rate data, 
the input, current load and sedimentation of solids (mass balance) could be estimated 
for the flooded pit (Section 4.3). 
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Fig 14: B-Zone Flooded Pit 
TSS (mg/L) vs Depth, 1992 - 1994 
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4.1 Suspended Solids Concentrations 
On June 21, June 30 and July 23, 1992, TSS concentrations ranged from 40 to 160 
mg.L-‘. Overall, TSS concentrations increased, with depth in the flooded pit. By late 
summer (August 29, September 17 and October 1, 1992) TSS concentrations had 
decreased, ranging from 20 to 65 mg.L-‘. However, Secchi depth measurements 
remained at less than 0.5 m, indicating that most light was attenuated within the top 
metre of the B-Zone flooded pit. The suspended solids, examined using a microscope 
in October 1992, were comprised of sand and silt particles, while phytoplankton and 
zooplankton were rarely encountered. 
In the February 1993 Boojum report (“Ecological Engineering: The B-Zone Flooded Pit 
and The Waste Rock Pile”), it was projected that, upon freeze-up of the flooded pit in 
early winter 1992, embankment erosion would.cease and TSS concentrations would 
diminish to less than 10 mg.L-‘, and possibly to as low as 1 mg.L“. In fact, the March 
7, 1993 TSS values, determined on water samples collected from beneath the ice, 
ranged from 5 to 9 mg.L”. 
It was also projected that TSS concentrations in the flooded pit would rebound with 
renewed erosion of the embankment upon spring melt and break-up of the ice cover. 
On June 11,1993, TSS concentrations had increased since March 7,1993, and ranged 
from 22 to 29 mg.L-‘. By August 22, 1993, TSS concentrations had diminished, ranging 
from 4 to 13 mg.L-‘. Secchi depth readings had increased to 1.4 m, indicating much 
improved light penetration into the epilimnion, compared to 1992. 
During fall turnover of the pit in 1993, TSS concentrations ranged from 8 to 18 mg.L“ 
(October 9; Figure 14). By April 17, 1994, after a 3 to 4 month period when the 
embankments were frozen and the pit covered with ice, TSS concentrations had 
diminished to less than 3 mg.L-‘, a trend similar to the previous winter (Figure 14). 
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As observed on June 11 in 1993, TSS concentrations in the flooded pit had increased 
following the 1994 spring run-off. On June 26, 1994, TSS concentrations ranged from 
4 to 15 mg.L-‘. Suspended solids settled over the ice-free season and on September 
9, 1994, TSS concentrations ranged from 6 to 13 mg.L-‘, and the Secchi depth reading 
was 1.32 m. Light penetration was limited on this sampling date due to the presence 
of a dense phytoplankton population, but this population’s presence is indirect evidence 
that light penetration was better, supporting growth of this population, earlier in the 
1994 ice-free season. By October 9, 1994, TSS concentrations ranged from 1 to 6 
mg.L-‘, with the exception of bottom water (11 mg.L-‘; Figure 14). 
The TSS data indicate that large amounts of suspended solids entered the flooded pit 
in 1992, compared to 1993 and 1994. The embankments were being eroded and 
dispersed into the flooded pit by wave action at the new shoreline. The data also 
indicate that a large load of TSS enters the flooded pit each spring upon thawing, 
collapse of the embankments, then dispersal b,y wave action. 
Overall, it appears that total suspended solids concentrations greatly diminished 
between 1992 and 1994, by approximately 80 % to 90 %. TSS concentrations will 
likely remain low enough during the ice-free season in 1995 and following years to 
permit adequate light penetration and, subsequently, permit the growth of algal 
populations in the epilimnion. 
4.2 Sedimentation Rates 
The downward flux of particles can be estimated by catching these particles in specially 
designed “sedimentation traps”. In 1992, 1993 and 1994, the traps, installed near 
Station 6.72 (Map 1) at different depths in the pit were periodically removed, the 
contents dried, weighed and analyzed. Using these weights, the area of the 
sedimentation trap apertures, and the number of days the traps were in situ, a flux, in 
g per m2 per day can be calculated. 
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Many designs of sedimentation traps have been employed since the turn of the century. 
For the present purposes, a sedimentation trap according to the recommended design 
of Bloesch and Burns (1979) was employed. Each trap consisted of a set of five 50 cm 
long vertical acrylic tubes with a diameter of 5 cm, open at the top. Four sets were 
suspended from a float at 2, 12, 22 and 32 m below the flooded pit surface. 
In 1992, the traps were left to collect settling sediment between June 21 and July 23 
(32 days). In 1993, the set-up was placed in the flooded pit on June 11 and recovered 
on August 13 (63 days). In 1994, the set-up was placed on June 28 and recovered on 
September 9 (73 days). 
From the weights of solids in the traps in 1992, downward flux (or sedimentation) rates 
ranging from 19 to 64 g.m-*2-d’ were determined (Figure 15). TSS concentrations in 
the top 32 m of the flooded pit ranged from 40 to 104 mg.L-’ in this period. 
In 1993, the sedimentation rates ranged from 23 to 29 g.m-‘d’. During this period, 
TSS concentrations were 6 to 33 mg.L-‘. Between June 28 and September 8, 1994, 
when TSS concentrations were < 1 to 13 mg.L-‘, sedimentation rates ranged from 6 to 
17 g.m-*.d-’ (Figure 15). 
These results indicate that, although TSS concentrations during the ice-free season 
decreased by approximately 80 % to 90 % between 1992 and 1994, sedimentation 
rates declined from 19 to 64 g.m-*.d-’ (average, 38 g.m-*d’) in 1992, to 6 to 17 g.m-‘.d-’ 
(average, 13 g.m-‘.d-‘) in 1994, a decrease of only 66 %. 
In Figure 15, theoretical particulate downward flux rates, based strictly on settling 
velocities (m.s-‘) in non-turbulent conditions according to particle size (Lapple, 1961), 
are shown over the range of suspended solid concentrations (mg.L-’ TSS) measured 
in the flooded pit. 
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Fig. 15: B-Zone Flooded Pit 
Downward Particulate Flux 
___-- ._._ --_. --_“_._--_ 
_.-.-- --.- _-_-.. _-.__-. -.-- 
..__--._- 
-..___- 
___--_-. 
__..._ --_-- -.-.- 
Pit Water Total Suspended Solids, mg/L 
June 21 Jun 11 Jun 28 
to to to 
Jul23 Aug 13 Sep 8 
I 1992 A 1993 0 1994 
It is possible that larger particles (e.g. 10 to 15 pm particle size) with higher settling 
velocities were entering and rapidly descending through the pit in 1994 such that TSS 
concentrations were overall lower. In 1992, just after the pit was flooded, smaller 
particles from the pit walls and bottom (e.g., 2 to 5 pm) may have been suspended. 
These particles with slower settling velocities may not have descended through the pit 
as rapidly in 1992, and TSS was maintained at higher concentrations. 
Overall, depending on the sizes of particles’ entering the flooded pit, high TSS 
concentrations are not a co-requisite for relatively high sedimentation rates. 
4.3 Sedimentation Mass Balance 
The mass of suspended solids, in tonnes dryweight, was calculated for each date 
when TSS concentrations were determined for the flooded pit, by multiplying the TSS 
concentration for a stratum of the flooded pit by the volume of this stratum, then adding 
up the tonnes in each stratum (Figure 16). Between June 21, 1992 and October 9, 
1994, the suspended solids load in the B-Zone flooded pit has diminished from 417 
tonnes (dry weight) to only 14 tonnes, a decrease of 97 %. 
Based on TSS data alone, at least 403 t of sotids have settled out of the flooded pit 
between June 21, 1992 and October 9, 1994. however, given the TSS concentration 
increases in the spring of 1993 and 1994, it is apparent that additional solids had been 
suspended in the pit. The sedimentation rate data can be used to calculate the total 
number of tonnes of solids which entered and settled out of the flooded pit. The TSS 
load at a particular time (t2) is the sum of the TSS load in the water column at an 
earlier time (tl), plus input of new suspended sdlids (SS) to the water column between 
tl and t2, minus that amount of SS which has settled out of the water column between 
tl and t2, or: 
TSS, = TSS,, + SS I “put,,,, - SS Settled,,,, 
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From this relationship, it can be seen that monitoring the concentrations of TSS alone 
will not indicate the rates at which suspended solids are being added to the water body, 
or the rate at which they are settling. 
Measurement of either SS input or SS settling rates, in conjunction with TSS monitoring 
data, can be used to estimate the other rate, thereby providing an overall picture of the 
suspended solid loading dynamics of the flooded pit. 
When available, specific values determined for TSS and downward vertical flux 
measurements were used to estimate input and settling loads on a whole-pit basis 
between May 15, 1992 and October 9, 1994 (877 days; Table 4). The estimates 
presented in Table 4 suggest that, in this period, 3,184 tonnes (dry weight) of solids 
have been suspended in the flooded pit, while 3,170 tonnes have settled out, an 
amount almost 8 times that suggested by the decrease in the TSS load in this period. 
Sedimentation traps where in place for 168 days in the three ice-free seasons of the 
877 day period examined. In this 168 day period alone, the sedimentation traps 
captured the equivalent of 895 tonnes of solids, 2.2 times the apparent TSS load 
decline based on TSS concentration changes. It must be qualified that sedimentation 
rates measured at the single central measuring station (6.72) using the sedimentation 
traps placed at the centre of the pit, may not be the same over the whole surface of the 
ok. 
In 1994, it is estimated that 1.1 to 3.2 tonnes of solids were entering the flooded pit 
each day during the ice-free season, maintaining TSS concentrations at 5 to 6 mg.L-‘. 
With further slowing of embankment erosion anticipated in the coming years, solids 
loading to the flooding pit, and TSS concentrations can be expected to further diminish. 
Therefore, during the ice-free season, light cond’itions in the epilimnion should continue 
to be suitable for growth of phytoplankton populations, as observed in 1994. 
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Table 4: Estimated Input and Setting Rates of Suspended Solids in the B-Zone Flooded Pit. 
In 877 days, 3170 t settled 3184 t input 
l -Sum of SS loads in tonnes (t) in .$I strata. 
# - Flux according to 2 m sedimentation trap data, multipled by 282.600 sqm pit area. Data for 2 m 
sedimentation trap used. 85 deeper treps may have trapped eutogenous SS added within pit by 
submerged pa wall avalanches. 
8 - No sedimentation trap data available for this period. Value in g&m/day estimated. 
matching mg/LTSS. 
$ -Assumed that ice broke up in mid May, 1992; TSS of Collins Bay water used to fill pit was 1 mg/l. 
SS on May 15 unknown. Elevated TSS possible due to erosion of walls during filling. 
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4.4 Sedimentation of Contaminants - Phytoplankton Biomass 
As discussed in Section 3, between June 28, 1994 and October 9, 1994, the arsenic 
load (based on measured concentrations and pit volume) decreased from 2,298 kg to 
1,501 kg (797 kg), a reduction of 35%. In addition, in this period the nickel load 
decreased from 1,792 kg to 1,397 kg (395 kg) or by 22 %, and the iron load decreased 
from 3,714 kg to 2,247 kg (1,467 kg), a reduction of 39 %. 
Such distinct decreases in epilimnion nickel concentrations and the overall arsenic 
loads had not been previously observed. The 1994 summer was the same period 
when a phytoplankton bloom, comprised of the species Dicfyosphaerium simplex, was 
present in the flooded pit. This species of the order Chlorococcales is typically non- 
motile, and forms groups of 2 to 4 cells connected by polysaccharide threads (Ward 8 
Whipple, 1959). This same alga is the dominant species present in the experimental 
enclosures in the muskeg area adjacent to the pit, where waste rock pile run-off 
containing > 10 mg.L-’ arsenic and nickel has been added on several occasions since 
1992. Clearly, the growth of populations of this species is not hampered by elevated 
arsenic and nickel concentrations. 
On September 9, 1994, the pit surface water was green with this algae, and the 2 m 
and 12 m sedimentation traps were partially filled with biomass of this species which 
had settled through the water column above. Between June 28 and September 9, 
1994, 1.5 g dry weightm-‘.d-’ of algae accumulated in the 2 m deep sedimentation trap 
(Table 5). 
This is equivalent to 31 tonnes dry weight of algae settling in the whole pit for this 
period. As the appearance of this phytoplankton bloom was the most notable overall 
change in the flooded pit system, the elemental composition of the algal biomass was 
determined, and its potential contribution to the observed arsenic, nickel and iron load 
decreases examined. 
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Table 5: Estimates of downward flux of elements borne on setting solids during the 1992 and 1994 ice.free (stratified) seasons 
according to sedimentation trap data and pit load estimates. 
The green algal biomass captured in the 2 m sedimentation trap (placed on June 26, 
1994 and collected on September 8, 1994) contained 520 pg of arsenic, and 1,700 pg 
of nickel per g dry weight of biomass (column E in Table 5). The fine gray sediment 
which had also been collected in the same trap contained only 150 pg of arsenic, but 
2,300 pg of nickel per g dry weight of sediment (column F in Table 5). The weighted 
average concentrations of arsenic and nickel of these two components in the 
sedimentation trap are 239 and 2156 pg.g-‘, respectively (column G in Table 5). 
Between June 26 and September 8, 1994 (74 days), 4.49 g dry weight of algae and 
sediment were collected in the 2 m sedimentation trap. This is equivalent to a 
sedimentation rate of 6.2 g.m-‘.d-’ passing through the 2 m stratum. Over the entire pit 
surface (282,558 m’), this sedimentation rate is equivalent to 1.75 t.d-’ passing through 
the 2 m stratum over this 74 day period. Since these solids contain 239 pg.g”, or 
0.0239 % arsenic, then 0.41 kg of arsenic were settling past the 2 m stratum of the pit 
per day (column H, Table 5). Similarly, 3.8 kg of nickel and 19 kg of iron were settling 
through the 2 m stratum of the pit per day. 
At these sedimentation rates for arsenic, nickel and iron, during the 122 day period 
between June 1 and October 1, 1994, 51 kg of arsenic, 461 kg of nickel and 2,322 kg 
of iron contained in settling solids were removed from the epilimnion (column I, Table 
5). The observed load decrease in the pit for this same period in 1994 (based on 
concentrations and pit volume) was 797 kg of arsenic, 395 kg of nickel and 1,467 kg 
of iron (column J, Table 5). 
The estimate for nickel removal, based on sedimentation trap data (461 kg), matches 
well with the estimate of load decrease based on changes in the nickel concentrations 
in the flooded pit (395 kg). The estimate for iron removal, based on sedimentation trap 
data (2,322 kg), is in the same order of magnitude as the estimate of load decrease 
based on changes in the iron concentrations in the flooded pit (1,467 kg). However, 
the estimate for arsenic removal, based on 2 m sedimentation trap data (51 kg), is one- 
Boojum Research Limited 
1994 Final Repoil 
82 
The Decommissioning of The B-Zone Flooded Pit 
For CAMECO Corporation 
tenth the observed arsenic load decrease in the flooded pit (797 kg). 
This apparent disparity between the observed arsenic load decrease in 1994, and the 
estimated arsenic removal by settling particles captured in the 2 m sedimentation trap, 
may be related to the specific flooded pit strata where arsenic, nickel and iron were 
being removed. 
Referring back to Figure IO (nickel concentrations with depth) and Figure 13 (iron 
concentrations with depth) in Section 3, nickel concentrations, and to a lesser degree, 
iron concentrations, were appreciably lower in the epilimnion (0 and 2 m samples) than 
in the hypolimnion on August 16, September 6 and October 9 of 1994. Therefore, 
nickel and iron were primarily being removed in the epilimnion, while hypolimnion 
concentrations remained relatively constant, with respect to June 28, 1994 values. For 
nickel and iron to be removed from the epilimnion, presumably captured as settling 
solids, but to not re-appear in the hypolimnion in samples as elevated suspended 
concentrations, suggests that these nickel and .iron-bearing solids very rapidly settled 
through the flooded pit water column. Nickel and iron were adhering to rapidly settling 
solids in the epilimnion, and the 2 m sedimentation trap captured a representative 
sample of these solids between June 26 and September 8, 1994. 
In contrast, on August 16, September 9 and, to a lesser degree, on October 9, 1994, 
arsenic concentrations in the flooded pit were substantially less than on June 28, 1994, 
and uniformly lower throughout the water column. This distribution suggests that, 
between June 28 and August 16, an arsenic removal process which operated 
throughout the water column had occurred, overall diminishing the flooded pit arsenic 
load. Therefore, the 2 m sedimentation trap sample, which only collected particles from 
the top 2 m of the pit, could not be expected to reflect the arsenic load decrease which 
occurred throughout the pit. The 12 m, 22 m and 32 m sedimentation trap samples, 
if they had been analyzed, may well have shown increasing amounts of captured 
arsenic with depth, while captured nickel may have been relatively constant with depth, 
Boojum Research Limited 
1994 Final Report 
83 
The Decommissioning of The B-Zone Flooded Pit 
For CAMECO Corporation 
supporting the hypothesis described above, 
Presently, nickel removal from the epilimnion appears to be attributable to adsorption 
by the settling phytoplankton biomass and other solids formed in the top 2 m of the pit 
between June 26 and September 8, 1994. As iron concentrations were much higher 
in the gray solids (13,100 pg.g”) than in the phytoplankton biomass (3,800 pg.g-‘) non- 
biological ferrous iron oxidation, ferric hydroxide formation and sedimentation in the 
epilimnion are probably responsible for the observed iron load reduction in this period. 
With the currently available data, it is not possible to attribute arsenic removal from 
throughout the water column in this period to either iron arsenate formation, arsenate 
adsorption onto iron hydroxide, or ad/absorption of arsenic by phytoplankton as this 
biomass settled through the flooded pit water cokrmn between June 26 and September 
8, 1994. 
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5.0 AQUATIC ECOSYSTEM DEVELOPMENT 
Pumping of water from Collins Bay, flooding the B-Zone open pit, was completed on 
March 14, 1992. This water contained a variety of those phytoplankton and 
zooplankton species present in the Collins Bay’s water column. Without the effects of 
physical and geochemical perturbation of the pit walls and bottom, this water body 
would likely have supported a simple aquatic ecosystem in its first year (1992) and 
could have been considered a man-made lake. However, physical perturbation of the 
B-Zone flooded pit water body, as its shoreline moved towards stability, resulted in high 
TSS concentrations and low light penetration, and held this aquatic ecosystem at a very 
early successional stage in 1992 and the spring of 1993. 
On June 20, 1992, five species (or groups) of phytoplankton were identified in a sample 
collected from the surface of the pit in the vicinity of station 6.72 (Map I), including 
Dictyosphaerium simplex (Table 6). Very low numbers of all phytoplankton species 
were present (semi-quantitative abundance rating of 10 out of 90) and no zooplankton 
were present. 
By July 23, 1992, six phytoplankton species/groups were identified, but only one 
species was the same as identified in the June, 1992 sample (small, unidentifiable 
green unicellular alga present on both dates). On this date, a Chlamydomonas species 
was the most abundant species (‘30’ rating). On September 17, 1992, a 1 L water 
sample was collected for phytoplankton identification, and 60 L of water were passed 
through 64, 73 and 202 pm screens for zooplankton identification. Only three 
phytoplankton species were identified, of which two species were present in the July, 
1992 sample (Chlamydomonas, Nitzschia spp.). No species was present in exceptional 
abundance, but one rotifer and another zooplankton species were present (Table 6). 
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Table 6: B-Zone Pit Phytoplankton and Zooplankton, 1992 - 1994 
On June 11, 1993 six species of phytoplankton, but no zooplankton, were present in 
a surface water sample, of which two species had been identified in July and 
September of 1992 (Chlamydomonas, Nitzschia spp.). On August 17, 1993, four 
species of phytoplankton were present, of which three had been previously identified 
in the flooded pit (Dictyosphaerium simplex, Cryptomonas erosa and Sphaerellopsis 
cylindricum). Again, zooplankton were in such small numbers that the surface water 
sample did not collect a single specimen (Table 6). 
On June 26, 1994, a 1 L water sample was collected for phytoplankton identification, 
and 60 L of water were passed through 64, 73 and 202 pm screens for zooplankton 
identification. Three species of phytoplankton were present, all three of which had 
been encountered in samples collected on previous dates (Chlamydomonas spp., 
Dictyosphaerium simplex, Nitzschia spp.). No zooplankton were present in the samples 
(Table 6). 
Phytoplankton samples were collected on two dates in 1992 from a shallow, then- 
enclosed area of B-Zone pit referred to as Grenier’s Pond. On July 23, 1992, seven 
species of phytoplankton were identified, and ;a species of rotifer was present. On 
September 17, 1992, four species of phytoplankton were present, and two species of 
rotifers and a zooplankton species were present. 
A sub-sample of algal biomass from the 2 m sedimentation trap, placed in the flooded 
pit and collected on September 10, 1994, was examined. Most of the biomass was 
Dictyosphaerium simplex, as this species had bloomed during the summer. In all, six 
species of algae were present in thi$ sample, compared to only three species in the 
surface water sample collected on the same date, including a Pinnularia species never 
before identified in the pit. 
In all, 19 phytoplankton taxa have been identified to date in the flooded pit. Only 8 taxa 
have been observed on more than one out of seven sampling dates, 5 taxa on more 
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than two occasions, 4 taxa on more than three occasions, and three tax on more than 
four out of the seven sampling dates. Zooplankton species were identified in samples 
collected from the centre of the flooded pit on only one of seven sampling dates. 
In 1993 and 1994, a plastic ring covered with nylon netting (‘periwheel’) was placed 
near the shore of the B-Zone flooded pit to determine whether periphytic (attached) 
algae would colonize substrates if provided with nutrients. Although significant 
periphytic growth on this apparatus was not achieved, five species of phytoplankton, 
of which Dicfyosphaerium simplex was very abundant, were present on the netting 
(Table 6). 
Overall, phytoplankton species diversity has diminished between 1992 (5 to 6 species 
present on each sampling occasion) and 1994 (only 3 species per sampling occasion). 
Algal productivity was very high over the summer of 1994 with the bloom of the 
Dicfyosphaerium simplex population. In comparison, Collins Bay has typically 20 to 45 
species present (February 1993 report, “Ecological Engineering. The B-Zone Flooded 
Pit and The Waste Rock Pile”). While samples were collected from the centre of the 
flooded pit, and do not include phytoplankton, periphyton or zooplankton species which 
may be restricted to the developing littoral zone, the area available for littoral 
development is very small due to the steep banks of the flooded pit. 
There is, at present, a low diversity of primary producers (aquatic plant species) in the 
flooded pit which, in turn, is preventing, or at least limiting, invertebrate and vertebrate 
community development. Without the establishment of a diverse phytoplankton and 
zooplankton community, the delay in development of the pit toward a lake ecosystem 
resembling Collins Bay will continue. 
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6.0 CONCLUSIONS 
The 1992, 1993 and 1994 B-Zone flooded pit temperature profile data clearly 
indicate that this water body is directly thermally stratified during the ice-free 
season, inversely stratified in winter, and freely mixes vertically in spring and fall. 
Given this seasonal circulation pattern, the flooded pit resembles a dimictic lake. 
This circulation pattern can be expected to continue if the overall flooded pit 
geometry and the water salinity remain the same. 
Multiple thermal discontinuities (thermoclines) have been observed to form 
during direct stratification, likely due to the alternation of intense heating and 
cooling periods. 
During spring and fall turn-over, the entire flooded pit volume mixes, and 
heterogeneity in water chemistry with depth established in the preceding period 
(summer or winter) is eliminated. 
Horizontal and vertical circulation of the whole flooded pit water volume is absent 
beneath the ice cover in winter, based on multiple temperature, pH, conductivity 
and oxygen concentration profiles measured on April 16, 1994. However, the 
results of these profile data, collected distal to the shore, do not preclude 
localized water movement, due to, for instance, ground water entry. 
In 1992, 1993 and 1994 measured temperatures of water at depths of 20 m to 
52 m (bottom) reached as low as 2.1°C, and never exceeded 4.9%. Therefore, 
the surfaces of the pit wails between a depth of 20 m and the pit bottom are 
maintained at relatively low temperatures year round. 
Measured dissolved oxygen concentrations throughout the flooded pit have 
remained above 8.6 mg.L- and have reached as hrgh as 14.5 mg.L- Followrng 
whole pit mixing during spring and fall turnover, dissolved oxygen concentrations 
reach the concentration of flooded pit surface water. During summer 
stratification in 1992, 1993 and 1994, the flooded pit dissolved oxygen 
distribution was typically orthograde. 
On August 29, 1992, a metalimnetic oxygen maximum was observed, while on 
August 17, 1993 and on July 30, 1994, metalimnetic oxygen minima were 
observed. The maximum observed in 1992 may have followed a period of 
cooling then reheating of the epilimnion. The minima observed in 1993 and 
1994 were likely due to decomposition of peat and phytoplankton biomass as 
these particles settled through the metalimnion. Greater oxygen consumption 
in the hypolimnion was observed in 1994, likely due to decomposition of settling 
phytoplankton biomass. The flooded pit dissolved oxygen distribution can be 
expected to become more clinograde if blooms re-occur in coming years. 
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The measured pH of the flooded pit at any depth has remained between 5.29 
and 8.75 on any date between June 21, 1992 and October 14, 1994. There is 
SOme SUggeSti0f-t from the data of a downward trend in pH. Lower pH at depth 
in the flooded pit during periods of stratification suggest carbon dioxide 
production in the hypolimnion during decomposition of settled organ& such as 
peat and algal biomass. 
Between June 21, 1992 and October 14, 1994, the conductivity of the top 40 m 
of flooded pit has ranged from 30 to 78 /.&.cm~‘. However, in the 1992-1993 
winter and the 1993-1994 winter, bottom water conductivities reached 107 and 
104 @S.cm-‘, respectively. Due to vertical mixing of this bottom water with the 
rest of the volume during the 1993 and 1994 spring turnover, whole pit 
conductivities have overall been increasing since pit flooding. 
Elevated concentrations of arsenic and nickel in the flooded pit are due to 
dissolution of mineralization on pit walls and in the special waste placed at the 
bottom of the pit. Contaminant input by ground water is not likely, as ground 
water quality monitoring data for regional piezometers indicate background 
arsenic and nickel concentrations. 
Since completion of pit flooding on March 14, 1992, the flooded pit total arsenic 
concentrations have increased from background concentrations (0.001 mg.L-‘; 
Collins Bay) to range from 0.16 to 0.55 mg.L-’ in 1992, 0.18 to 0.48 mg.L-’ in 
1993, and 0.28 to 0.89 mg.L-’ in 1994. The source of this arsenic appears to 
be pit wail mineralization in contact with the hypolimnion during the ice-free 
season. The upper (approximately 0 to 10 m) pit walls in contact with the 
epilimnion during the ice-free season appear to be releasing less arsenic, while 
the special waste placed at the pit bottom is not contributing exceptional 
amounts of arsenic, compared to pit walls. 
Between March 14 and October 1, 1992, the flooded pit arsenic load increased 
by 1,490 kg. Between October 1, 1992 and October 9, 1993, the arsenic load 
increased by only 133 kg. Between October 9, 1993 and October 9, 1994, the 
arsenic load decreased by 126 kg. The flooded pit arsenic load peaked on June 
28, 1994 at 2,298 kg. However, between June 28 and October 9, 1994, the 
arsenic load decreased by 797 kg, or by 35%. This arsenic load decrease is 
attributable to arsenic concentration decreases throughout the water column in 
this period, and not only decreases in the epilimnion. 
Since completion of pit flooding, the flooded pit total nickel concentrations have 
increased from background concentrations (0.005 mg.L-‘; Collins Bay) to range 
from 0.14 to 0.38 mg.L-’ in 1992, 0.17 to 1.3 mg.L-’ in 1993, and 0.19 t0 0.91 
mg.L-' in 1994. The nickel source appears to be more confined to the deepest 
portion of the pit (> 40 m, possibly the special waste), compared to the source 
of arsenic. 
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. Between March 14 and October 1, 1992, the flooded pit nickel load increased 
by 1,055 kg. Between October 1, 1992 and October 9, 1993, the nickel load 
increased by 368 kg. Between October 9, 1993 and October 9, 1994, the nickel 
load decreased by 51 kg. The flooded pit nickel load peaked on June 11, 1993 
(1,818 kg) and June 28, 1994 (1,792 kg). However, between June 28 and 
October 9, 1994, the nickel load decreased by 395 kg, or by 22%. This nickel 
load decrease is attributable to nickel concentration decreases primarily in the 
epilimnion, likely due to adsorption by the biomass of a phytoplankton bloom 
observed in the summer of 1994. 
. Total iron concentrations in the flooded’pit ranged from 0.99 to 3.4 mg.L-’ in 
1992, 0.18 to 1.1 mg.L-’ in 1993 and 0.27 to 1 mg.L-’ in 1994. In 1992, most 
of the iron (91%) was in a suspended form and, on all sampling dates since, 
more that 45 % of the iron remained in a suspended form. 
. The iron load has declined from 10,972 kg on June 30, 1992 to 2,247 kg on 
October 9, 1994, a decrease of 79 %. Rapid settling of iron-bearing solids 
occurred in 1992, while iron loads more gradually diminished in 1993 and 1994. 
. Arsenic, nickel and iron concentration discontinuities established during stratified 
periods in summer and winter are eliminated in spring and fall during whole-pit 
mixing. Water currents during spring and fall turnover do not re-suspend 
arsenic, nickel and iron-bearing solids previously settled in the flooded pit. 
. The phosphate concentrations in the B-Zone pit have remained well in excess 
of that required for high primary productivity since flooding in March 1992. 
Phytoplankton population development in 1994 does not appear to have 
decreased phosphate concentrations in the epilimnion to a measurable degree. 
The special waste placed at the bottom of the pit may well continue to serve as 
a phosphate source. 
. Overall, nitrate is present in the flooded pit at concentrations which support good 
plant productivity. However, in contrast to phosphate, by August 16, 1994, 
nitrate in the epilimnion had been removed by the phytoplankton population to 
concentrations low enough to be growth-limiting (co.04 mg.L-‘). During the 1994 
fall and 1995 spring turnovers, surface water nitrate concentrations will likely 
rebound to adequate levels, but, because the pit stratifies in summer, nitrate will 
likely continue to limit algal growth later in the growing season once the supply 
in the epilimnion is depleted. Ammonium concentrations, as described below, 
have typically been less than 0.01 mg.L-‘, and do not represent an alternate 
source of available nitrogen for plant growth. 
. Overall, the concentrations of calcium, magnesium and sodium in the flooded pit 
increased upon contact the pit walls and bottom during flooding in 1992, and 
only slightly further increased in 1993 and 1994. 
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. Upon filling of the pit, sulphate concentrations increased from 3 mg.L” (Collins 
Bay), to 4.5 to 5.4 mg.L” (June 21, 1992). The sulphate concentration increased 
over 1992 and 1993. As of October 9, 1993, the sulphate concentration was 3.3 
times higher than the original Collins Bay concentration, During the 1992-l 993 
and 1993-1994 winter, sulphate concentrations were especially high in bottom 
water samples, as observed for nickel and phosphate. 
. Flooded pit chloride concentrations remain similar to Collins Bay, while 
bicarbonate concentrations have increased from 11 mg.L-’ (Collins Bay) to 14 to 
17 mg.L-’ in October, 1994. No significant variation with season or depth was 
noted. 
. 226Ra and uranium concentrations have remained relatively low since flooding of 
the B-Zone pit in early 1992. Average dissolved 226Ra concentrations in water 
samples collected at 5 m intervals did not exceed 0.09 Bq.L-’ between June 30, 
1992 and October 9, 1994. Average dissolved uranium concentrations did not 
exceed 0.02 mg.L-’ in this period. 
. In 1992, suspended solids concentrations were relatively high following spring 
run-off and turnover of the B-Zone flooded pit. On June 21, 1992, total 
suspended solids (TSS) concentrations ranged from 62 mg.L” (2 m) to 143 
mg.C’ just above the bottom (50 m) of the pit, and the Secchi depth was only 
0.25 m. This high turbidity and low water clarity were of concern, as it was 
originally envisaged that biological polishing by algae of the B-Zone flooded pit 
could be employed, should removal of contaminants be required. However, total 
suspended solids concentrations greatly diminished between 1992 and 1994, by 
approximately 80 % to 90 %. TSS concentrations will likely remain low enough 
during the ice-free season in 1995 and following years to permit adequate light 
penetration and, subsequently, permit the growth of algal populations in the 
epilimnion. 
. Measured sedimentation rates ranged from 19 to 64 g.m-‘..d-’ over the 1992 
summer. In the 1993 summer, measured rates ranged from 23 to 29 g.m-‘d’, 
and in 1994, from 6 to 17 g.m-‘d’. These results indicate that, although TSS 
concentrations during the ice-free season decreased by approximately 80 % to 
90 % between 1992 and 1994, sedimentation rates declined by only 66 %. 
Larger particles with higher settling velocities may have been entering and 
rapidly descending through the pit in 1994 such that TSS concentrations were 
overall lower, compared to 1992, when smaller particles with slow settling 
velocities may have been suspended in the flooded pit. 
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. Based on TSS data alone, at least 403 t of solids have settled out of the flooded 
pit between June 21, 1992 and October 9, 1994. However, estimates utilizing 
sedimentation trap data suggest that, in this period, 3,184 tonnes (dry weight) 
of solids have been suspended in the flooded pit, while 3,170 tonnes have 
settled out, an amount almost 8 times that suggested by the decrease in the 
TSS load in this period. 
. In 1994, it is estimated that I. 1 to 3.2 tonnes of solids were entering the flooded 
pit each day during the ice-free season, maintaining TSS concentrations at 5 to 
6 mg.L“. With further slowing of embankment erosion anticipated in the coming 
years, solids loading to the flooding pit, and TSS concentrations can be expected 
to further diminish. Light conditions in the epilimnion should continue to be 
suitable for growth of phytoplankton populations, as observed in 1994. 
. Between June 28, 1994 and October 9, 1994, the arsenic load decreased by 35 
%, the nickel load decreased by 22 % and the iron load decreased by 39 %. A 
dense population of the phytoplankton species Dicfyosphaerium simplex 
developed in this period, rendering the surface water green. In this period, a 
total of 31 tonnes dry weight of algae settled past the 2 m stratum. 
. The estimate for nickel removal, based on the 2 m sedimentation trap (algae + 
solids) data (461 kg), matches well with the estimate of load decrease based on 
changes in the nickel concentrations in the flooded pit (395 kg). The estimate 
for iron removal, based on sedimentation trap data (2,322 kg), is in the same 
order of magnitude as the estimate of load decrease based on changes in the 
iron concentrations in the flooded pit (1,467 kg). However, the estimate for 
arsenic removal, based on 2 m sedimentation trap data (51 kg), is one-tenth the 
observed arsenic load decrease in the flooded pit (797 kg). 
. Between June 28, 1994 and October 9, 1994, nickel and iron were primarily 
being removed in the epilimnion by the phytoplankton biomass and settling 
solids. Nickel and iron-bearing solids very rapidly settled through the flooded pit 
water column. An arsenic removal process operated throughout the water 
column, overall diminishing the flooded pit arsenic load. It is not presently 
possible to attribute arsenic removal from throughout the water column in this 
period to either iron arsenate formation, arsenate adsorption onto iron hydroxide, 
or ad/absorption of arsenic by phytoplankton as this biomass settled through the 
flooded pit water column. 
. Phytoplankton species diversity has diminished between 1992 (5 to 6 species 
present on each sampling occasion) and 1994 (only 3 species per sampling 
occasion). Algal productivity was very high over the summer of 1994 with the 
bloom of the Dicfyosphaerium simplex population. 
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. There is, at present, a low diversity of primary producers (aquatic plant species) 
in the flooded pit which, in turn, is preventing, or at least limiting, invertebrate 
and vertebrate community development. Without the establishment of a diverse 
phytoplankton and zooplankton community, the delay in development of the pit 
toward a lake ecosystem resembling Collins Bay will continue. 
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7.0 RECOMMENDATIONS 
1) Over the last three years, since flooding of the B-Zone pit, erosion of the 
embankments has subsided, suspended solids concentrations in the water 
column have greatly reduced, and natural biological polishing of arsenic and 
nickel has commenced. The biological polishing system will likely continue to 
operate, and arsenic and nickel concentrations may decline to less than SSWQG 
values. If current trends continue, the flooded pit water quality and aquatic 
ecosystem development should approach that of natural water bodies in the 
region. 
However, if physical and chemical measures are still deemed necessary for 
acceleration of contaminant removal, these proposed measures should be 
carefully assessed in terms of impact on the existing biological polishing system 
and the developing aquatic ecosystem. 
2) If a one-time chemical precipitation and settlement of arsenic and/or nickel is 
decided upon, thorough geochemical simulations (e.g. PHREEQE, NETPATH, 
WAT4F) should be performed first, in order to assess the effectiveness of 
chemical additions, the stability of contaminants in the settled solids, and 
whether the addition will adversely affect the algal population serving as a 
biological polishing system. 
3) Phosphate concentrations year-round have been, to date, adequate for high 
primary productivity by phytoplankton, and the special waste at the bottom of the 
pit may serve as a long term supply. Nitrate nitrogen is present in the flooded 
pit, but it may be annually depleted from the epilimnion by plant uptake during 
the ice-free season, and limit the productivity of the biological polishing system. 
Provision of nitrate to the epilimnion over the ice-free season for a few years 
would increase the nitrogen budget in the flooded pit, and could increase 
phytoplankton productivity and improve biological polishing of arsenic and nickel. 
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Appendix C: Secchi depth readings, 1992 - 1994. 
Stn 6.72 
Date Depth (m: 
0.25 21 -Jun-92 
23-Jul-92 0.20 
29-Aug-92 0.50 
19-Sep-92 0.32 
26-Ott-92 0.31 
17-Aug-93 1.40 
29-Jun-94 0.62 
09-Sep-94 1.32 
Appendix D-l : 1992 Ice-Free Season 
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Appendix D-2: 1993 Ice-Free Season 
Daily Average Air Temperature, Celcius 
Date 
Appendix D-3: 1994 Ice-Free Season 
Daily Average Temperature, Celcius 
